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TIDES AND CURRENTS IN BOSTON HARBOR 


INTRODUCTION 


This volume constitutes the fifth of a series on tides and currents: 
in important waterways of the United States, the purpose of which is 
to make available to the mariner, the engineer, the scientist, and the 
public generally the tidal and current data now in the files of the 
United States Coast and Geodetic Survey. In preparing this pub- 
lication it has been the aim to give in considerable detail the results 
of all observations in Boston Harbor which were available at the time 
of the publication. 

The tide observations include a long series at the navy yard at 
Charlestown, which extended more or less continuously from 1847 to 
1877; a series at Commonwealth Pier No. 5 in South Boston, which 
commenced in 1921 and is still being continued; and a number of 
short series covering periods from a single day to a number of months 
at various places throughout the harbor. The two longer series are 
known as primary, a primary tide station being one which is main- 
tained over a series of years for the main purpose of securing extensive 
tidal information in any locality. The shorter series of observations 
were generally taken in connection with other hydrographic work, 
especially for use in the reduction of soundings to a uniform datum. 
Results from short series are corrected by comparison with simul- 
taneous observations at some primary tide station. In addition to 
the records of the Coast and Geodetic Survey, there are also included 
in this volume the results of tidal observations at the navy yard by 
the Navy officials for the period 1902 to 1911 and shorter series at 
Moon Head and Nut Island by city officials. 

The current observations include those taken under the direction 
of the following parties: Lieut. C. H. Davis, in 1847 and 1848; Assist- 
ant Henry Mitchell, in 1860, 1861, and 1863; and Lieut. R. W. Wood- 
worth, in 1926. Current data secured by the committee on the Charles 
River Dam in 1902 are also included. In general the current obser- 
vations at each station covered only a day or two, but at a few 
stations the observations were continued over longer periods. The 
observations were reduced by comparison with the tides at one of 
the primary tide stations. 

Through a cooperative arrangement with the Bureau of Lighthouses 
hourly current observations were taken on the Boston Light Vessel 
during two periods—from September 22 to December 26, 1913, and 
from June 8, 1926, to June 30, 1927. 

The general characteristics of tides and tidal currents, which were 
discussed in Special Publication No. 111, are reprinted in the appen- 
dix of the present volume for convenience of reference. 

Attention is also directed to the tide and current tables which are 
published in advance annually by the Coast and Geodetic Survey. 
These tables contain data based upon the latest information available 
at the time of publication. ‘They include the predicted tides and 
currents for every day in the year at a number of principal ports and 
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also contain summaries of the principal tidal and current elements 
for several thousand places throughout the world. Other publica- 
tions of the Coast and Geodetic Survey relating to tides and currents 
are listed in the back of this volume. 

Changes in the physiographic features of Boston Harbor during the 
past 150 years are illustrated by a comparison of a map published in 
England in 1775 (fig. 1) with a modern chart of the Coast and Geodetic 
Survey covering this harbor (fig. 2). 


TIDE OBSERVATIONS, BOSTON NAVY YARD 


The first primary tide station in Boston Harbor was established at 
the Charlestown Navy Yard, June 1, 1847, under the direction of Lieut. 
C. H. Davis. In the preceding year there was a short series of observa- 
tions covering the period October 30 to November 20, this short series 
constituting the earliest tide observations in Boston Harbor of which. 
we have record. 

Original tide scale.—At first the observations were made by reading 
the height of the water on a tide scale located at the old dry dock. 
These readings were generally taken every five minutes near the times 
of high and low water, beginning about a half hour before the esti- 
mated time and continuing until after the tide had turned. The tide 
scale was located on the southern side of entrance to the old dry dock 
(Dry Dock No. 1), just outside the gate. The scale consisted of copper 
or bronze strips inlaid in the stone wall of the dry dock, these strips 
having presumably been set in place during the construction of the 
dock some 16 years before the tide observations were commenced. 

In addition to the scale used for the tide observations, there were 
five other similar scales in the walls of the dry dock, four of these being 
inside the dock and the other, like the tide scale, outside the gate. 
Apparently, the inlaid strips of each scale had been originally spaced 
at 1-foot intervals, although during the period of observations and 
afterwards it was reported that the opening of the seams between the 
stones of the wall had caused the distance between strips on adjacent 
stones to be slightly in excess of 1 foot. Each even foot of the scales 
was marked by a numeral, also inlaid in the stone. The scales inside 
the dry dock were complete, with the zeros corresponding with the 
level of the dock sills and the 30-foot elevation corresponding with the 
top of the coping, the last inlaid strip being 1 foot below the coping at 
the 29-foot elevation. The two scales outside the gate, including the 
tide scale, commenced with the 16-foot mark and ended with the 29- 
foot mark just 1 foot below the top of the coping. 

Auxiliary staff —It was reported that an auxilary staff was used for 
the tide observations to obtain the subdivisions of the foot, and such 
a staff was presumably used also to obtain readings below the 16- 
foot mark of the scale. Just how this auxiliary staff was set is not 
known. Although it was reported from time to time that the zero of 
gauge was 30 feet below the top of the coping above the scale, which 
had been adopted as a bench mark, it is quite reasonable to assume 
that in the actual setting any one of the footmarks of the auxiliary 
staff may have been brought opposite the corresponding footmark of 
the inlaid scale. In such case the distance of the staff zero below the 
bench mark would have exceeded 30 feet by an amount equal to the 
excess expansion of the seams between the stones lying above the 
graduation used in setting the auxiliary staff. 
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Tide observers—The first staff readings were taken by Isaac 
Williams, a sergeant in the Marine Corps, who served as tide observer 
from the beginning of the series in 1847 until the time of his death on 
August 14, 1857. He was succeeded by his son-in-law, T. E. Ready, 
who served until the station was temporarily discontinued in 1866. 


Letter from tide observer.—The following is a copy of a letter written 
by Mr. Williams in 1857, apparently in reply to inquiries from the 
office: 

CHARLESTOWN, Mass., July 9, 1857. 
Capt. M. L. Smirx, 
Assistant in charge Coast Survey Office, Washington, D. C. 

Dear Stir: Yours of the 7th instant has just been received, and I hasten to 
answer the question asked therein. 

1. ‘‘Have the tides been observed at the same spot and the same gauge?” 
The wall of the dry dock has settled some 4 or 5 inches; there is a difference of 
2 inches in some of the feet, say from 20 to 22 feet. The foot will measure near 
14 inches, while in some other feet the measure is nearly right. I have within a 
short time taken the observation a short distance below. I have taken particular 
notice that it did not vary a moment in time or measurement. 

2. The time is kept by a rather poor watch which I keep regulated by Cam- 
bridge time. I have used the same watch, or rather the same time, for a number 
of years. I have made application to Mr. Mitchell to purchase a good one 
warranted from 1 to 10 years. Hope you will use your influence in getting the 
permission to purchase. 

3. My work of observing has been always the same. 

4. I am not aware that there has been any change in the depth of the water 
near the gauge or in the channels leading to it. I never look at the difference 
between mean and apparent time but take my observations every 5 minutes, 30 
minutes previous to high and low water. When the last 5 minutes expire I wait 
until the water begins to rise or fall; I then note (after stopping 5 minutes) the 
first rise or fall and then in 5 minutes more make another observation and leave 
until half an hour of the next tide. 

Yours truly, 
(Signed) Isaac WILLIAMS. 


Expansion of seams in dry dock.—From the above letter it appears 
that in 1857 the seams between the stones had opened by a very 
noticeable amount, although it is possible that the excess of 2 inches 
noted by Mr. Williams may have been estimated by eye rather than 
obtained by direct measurement. Mr. Williams attributed these 
openings to a settlement of the dock, but from later investigations, 
especially those of John R. Freeman, chief engineer of the committee 
on the Charles River Dam, it appears more probable that they resulted 
from the action of frost in raising the stones above the seams. 

Change of location of staff—Some time in 1857 the p!ace of taking 
the observations was changed from the entrance to the dry dock 
to a point about 400 feet easterly, and it is possible that the state- 
ment in Mr. Williams’s letter that he had ‘“‘within a short time 
taken the observation a short distance below,’ had: reference to this 
change. He adds that he had “taken particular notice that it did 
not vary a moment in time or measurement.” Just how the staff 
in its new position was set to agree with the old tide scale is not 
known, possibly by water-level comparisons. 

Repairs to dry dock.—It appears that about the year 1859 the dry 
dock was lengthened by extending the inner end and that other 
repairs were made. References to these repairs are contained in a 
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letter from Henry Mitchell, assistant in the Coast Survey, under date 
of October 21, 1860, in which he writes— 


In a recent letter on tidal matters I gave you information of an error in the 
position of the Charlestown gauge. I have fully examined this matter now and 
can make an official report. 

Within the last year the blocks of granite, forming the outer position of the dry 
dock, have been removed to make repairs; and when these were replaced it was 
thought advisable to drop them a little below their old positions, as it had been 
found that the coping of the dock inclined inland. The positions of the copper 
figures were also altered, so as to make the top of the wall read 30 feet, as before. 

The gauge is placed in a situation which makes it rather inconvenient for level- 
ing, so that lines run by different persons differ several hundredths. 

We have determined, with the utmost care, that the coping directly over copper 
figures, instead of reading 30 feet on our gauge, reads 29.93 feet—i. e., 0.07 lower 
than before repairs. 

If your mean low water read 14.76 feet below coping before, it should now be 
14.69 below same point of new wall. 

In my last I stated that the dock coping inclines seaward. I find now that the 
observer had accidentally reversed his figures and that it still inclines inland 
over one-tenth foot for the original length of the dock. 


_ This letter contained a rough sketch showing the position of the 
tide gauge a short distance to the northeastward of the dry-dock 
entrance. ‘ 

Mr. Mitchell ascertained that the top of the coping which was 
being used as a bench mark corresponded to a reading of 29.93 feet 
on the tide gauge instead of 30 feet. It is assumed that this result 
was obtained by leveling to the tide staff which was located north- 
easterly from the dry-dock entrance and did not refer to the bronze 
scale below the bench mark. The 29-foot division of the bronze 
scale is on the coping stone itself, and no disturbance of the stone 
would have affected the relation of bench mark to this scale division. 
Although Mr. Mitchell assumed that the difference of 0.07 foot 
between 30 feet and 29.93 feet was due to a change in the elevation 
of the bench mark, it is not at all certain that the tide staff had previ- 
ously been set with its zero exactly 30 feet below the bench mark. 
Taking into consideration the wide openings between the stones, as 
reported by Mr. Williams in 1857, it seems quite possible that in 
resetting these stones the bench mark on the coping may have been 
lowered by even a greater amount than 0.07 foot. 

Installation of box gauge.—The tide station appears to have been 
retained in its position northeast of the dry dock until May 28, 1861, © 
when a box gauge was installed in a tide house a short distance south- 
westerly from the dry-dock entrance. The following is a copy of 
Henry Mitchell’s descriptions of this gauge: 

A cylindrical copper float 514 by 9 inches (outside) rises and falls within a 
copper pipe of 6 inches (inside) diameter, closed at bottom. A wooden box 
incases the copper pipe and protects the latter. from being jammed by vessels 
lying alongside the wharf. This box is firmly secured to a pile by iron straps. 
The water enters the outer box by several half-inch holes near the bottom and 
enters the copper pipe by six %-inch holes, similarly situated. 

The graduated rod, from which the observer reads the height of the tide, 
passes from a socket in the float upward through the floor of the house built for 
the self-registering tide gauge. A hole through the roof of the house will allow 
the gauge rod to pass up to any height. This hole is to be covered whenever it 
storms, and at such times the observer may shut up the hole, it being provided 
with hinges. Whenever the observer is not at the station the pole is doubled 
upon its hinges in order that it need not be exposed to accidents by projecting 


above the roof—the flying-jib booms of vessels frequently project over the gauge 
house. 
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The reading point upon this new gauge is so placed that the heights will corre- 
spond with those upon the staff gauge heretofore used. 

The observer may always keep his gauge rod dry and thus prevent changes of 
Pout ot above, exclusive of expenses for traveling and subsistence of builder, $42. 

The self-registering gauge to which reference is made in the pre- 
ceding description was a gauge that had previously been installed by 
A. Boschke, for the harbor improvement commission of Boston. 
This gauge was placed in charge of the same tide observer who read 
the Coast Survey tide gauge. 

The box gauge, like the previous staff gauge, was read by the tide 
observer every five minutes near the times of high and low water. 

Observations appear to have been continued with the box gauge 
until the series was temporarily stopped, September 30, 1866. 

Reestablishment of station with self-registering gauge.—On August 15, 
1867, the tide station was reestablished and a self-registering gauge 
was installed at the dock next southwest of the dry dock, A. C. 
Mitchell having charge of the installation. Mr. Mitchell was in- 
structed to put up a staff for comparative readings and also a box 
gauge. 

The observer first placed in charge of the self-registering gauge 
when installed in 1867 was C. Levin, who served until September 3, 
1867, and was succeeded by Henry Howland, who continued in 
charge until the end of the series, in 1877. 

Establishment of new bench mark.—When the self-registering gauge 
of the Coast Survey was installed in August, 1867, A. C. Mitchell 
reported ‘‘The old bench mark does not exist, the dry dock having 
been rebuilt.’”’ Mr. Mitchell presumably considered the relaying of 
the stones as equivalent to the destruction of the old bench mark 
and established another bench mark near the upper end of the dry 
dock on a section that was built about the year 1859, the dock being 
lengthened about that time. 

This mark, now designated as ‘‘B. M. 2,” and originally referred to 
as the ‘‘new bench mark,” was described as ‘‘the top of the facing of 
the dry dock on the west side and near the head directly over the foot 
of the long steps and is designated by an arrowhead cut in the side 
of the stone.”’ A spike driven into a spile directly in the rear of the 
tide house and corresponding with the 18-foot mark on the staff was 
1.433 feet below the new bench mark, thus making the new bench 
mark 19.433 feet above the zero of the tide staff. 

In the following year Mr. Mitchell connected the new bench mark 
with the point on the coping previously used as the old bench mark and 
ascertained that the new bench mark was 0.176 foot lower than the old 
one. The zero of the new staff was therefore approximately 19.61 feet 
below the old bench mark, assuming the elevation of the coping had 
not been materially changed. 

Pressure gauge.—In the latter part of the year 1869 a pressure gauge 
designed by John M. Batchelder was installed for experimental pur- 
poses, the regular gauge being continued in operation. The pressure 
of the water was transmitted through a rubber bag filled with glycerin, 
and the rise and fall of the tide was automatically registered in the 
form of a curve similar to the curve from the regular gauge. In the 
records it was called the “glycerin gauge.’’ It was retained in use 
until February, 1872. The records from this gauge are not used in 
this publication. 
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Repairs to dry dock.—In the years 1869 and 1870 extensive repairs 
were made to the dry dock, which included the relaying of the coping 
stones. These repairs necessitated the removal of the tide station to 
another position in July, 1870. 

Porcelain tide staff.—In the latter part of the year 1869 the tide staff 
had been reported to be in bad condition. Under date of October 23, 
1869, A. C. Mitchell was informed that a new porcelain staff would be 
sent to him for installation, and he was instructed as follows: 


These tide staffs are made of sheet iron, with a porcelain covering on the face 
side and paint on the back side. They should be handled with some care to avoid 
bending, lest the covering be cracked. You should select a place for the one at the 
navy yard where it will be as secure as may be from accidental injury and remain 
as a permanent scale for reference, and not too far from the tide gauge. It should 
be fixed up on the stone wall of a wharf, if it can be done conveniently, and where 
the height of the water can be read on it at any time. We use for economy ordi- 
nary brass wood screws with thick brass washers between the heads of the screws 
and the plates. These washers fit into the holes in the plates and protect the 
coating from injury. The plates can be screwed upon a well-painted pine plank, 
which must be at least 2 inches thick and a little longer and wider than the plates. 
The staff is 20 feet long and made in 10-foot sections, and you will find in putting 
it up that the lower end of the upper section must go a little over or under the 
upper end of the other piece in order to preserve the proper distance between the 
divisions. The pine plank that receives the plates may be fixed directly upon the 
wall if that is perpendicular, but if not, then to another piece of timber properly 
cut to bring it so, and painted. All the bolts or spikes used should be of brass or 
copper in order to secure durability. 

If you can do so, it will be best to place the 20-foot mark of this staff on a level 
with the old bench mark at the entrance of the dry dock, which reads 30 feet on 
its own scale. We believe some of the copper figures and marks are still remaining 
which will enable you to find that place for the 30. That bench mark has been 
used a great deal and we know its history, and if you can place the new staff as 
here directed it will be very convenient in computations, there being just 10 feet 
difference. We believe the old bench mark has never been submerged more than 
once or twice when there were very severe easterly storms. 

We suppose you will have to use a level to fix the position of the new staff or to 
ascertain its height relatively to the bench marks, and while doing so we want 
you to level between the old bench mark at the entrance to the dry dock and the 
bench mark fixed by you in August, 1867, near the head of the dry dock. 


In reply to the above Mr. Mitchell wrote under date of November 
1, 1869, asking for further instructions and stated— 


The old bench mark is again gone, as they have just taken down the lower end 
of the dry dock. 


In reply to this letter the assistant in charge of the Coast Survey 
office wrote— 


We infer from your letter of the 1st that the repairs that are being made at 
the dry dock are so extensive that it is not best for us to put up the porcelain 
staff until they are completed. When they renew the copper scale af the entrance 
of the dry dock we shall want to know how it compares with the old one, and it 
will, we suppose, be necessary for us to do it by leveling. We will therefore 
defer the whole thing till then. 


On January 12, 1870, A. C. Mitchell wrote— 


Before leaving Boston I found that the marks on the tide staff at the navy 
yard had become so obliterated that it could not be read at low water. So I 
ordered John Cass to prepare the pile for the porcelain plates (the same pile 
being the only suitable place) and instructed him how to put the plates on so 
that the 18-foot mark would come in the same place as before. I expect that 
this has been done and also that the dry dock is done. The plates can be moved 
at any time, so that the 20-foot mark can be on a level with the bench mark, but 
the sooner it is done the better, before the screws get rusted in. Would it not 
be best for me to go and attend to that when I get through here? 
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On February 9, 1870, Mr. Mitchell again wrote— 

I have altered the staff at the Charlestown Navy Yard as you directed, so that 
the 20-foot mark on the staff corresponds with the bench mark at entrance of 
dry dock. The bench mark at foot of entrance of dry dock is 0.155 foot above 
the bench mark at head of dry dock. These levels I ran over eight times on 
three separate days (the only suitable weather I have had), and they all agree 
with one another within half a hundredth—most of them nearer—so that I am 
quite sure they are correct. The staff is attached to the same pile as before, behind 
the tide house, 8 or 10 feet from it. 

Change in location of gauge.—On July 19-21, 1870, the self-register- 
ing tide gauge was moved to the next pier on the opposite side of the 
same slip on which it had been established. The removal of the 
tide staff was delayed to await the arrival of a leveling instrument, but 
the staff was carried away by a colliding steamer on July 24 and 
reinstalled July 26, 1870, with the 20-foot mark level with bench 
mark No.1. Apparently there was no further change in the position 
of the tide station until it was discontinued on February 19, 1877. 

Later series at navy yard.—Since the primary station was dis- 
continued in 1877 observations covering a few tides were made at 
the navy yard in 1892, 1893, and 1894. These were taken in con- 
nection with hydrographic work, but the series were too short to be 
of any value except for comparison. 

In 1902 an automatic tide gauge was installed by the public works 
department of the navy yard, and observations have been continued 
to the present time. The records, however, have not been completely 
tabulated, but such results as are available are included in this 
publication. 

The datum to which these later observations are referred has been 
reported as 14.54 feet below bench mark 2. If the elevation of bench 
mark 1 above bench mark 2 is taken as 0.36 foot from the average of 
all the levels between 1900 and 1923, this datum is found to be 14.90 
feet below bench mark 1. 

Reduction to a uniform datum.—The reduction of all the observations 
at the navy yard to a uniform datum must depend largely upon a 
single bench mark, the top of the coping of the dry dock over the 
inlaid tide scale used for the early observations. Unfortunately, 
this bench mark has been subject to some changes, as already noted, 
the principal changes being the expansion of the joints between the 
stones of the dry-dock wall by the action of frost and the changes 
due to relaying the stones at times of repairs. The exact amount of 
these changes as they occurred at different times can not now be 
determined, but we can draw some conclusion in regard to the prob- 
ably maximum variations from such information as we have available. 

Dry Dock No. 1, at Charlestown.—Together with one being built 
at Norfolk, Va., at the same time, Dry Dock No. 1, at Charlestown, 
is the oldest dry dock in the United States. It was authorized by 
act of Congress passed March 3, 1827, and the coping was completed 
in 1831. It was built under the direction of Loammi Baldwin, a 
noted engineer of that period. In preparing for the foundation, exca- 
vations were made through 18 inches of marsh mud, 5 feet of blue 
clay, 13 feet of yellow sand and gravel, then hard clay interspersed 
with small strata of sand, gravel, and bowlders. Piles were driven 
3 feet from centers each way to hardpan or rock at depths of from 
8 to 30 feet. The walls are of eastern granite, laid in cement morter. 
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Tide observations were commenced in 1847, about 16 years after 
the completion of the dock. Ten years later, in 1857, the tide observer 
reported opening of joints between the stones under the bench mark, 
estimated to be as much as 2 inches in some cases. About two years 
later, in 1859-60, repairs were made which involved the relaying of 
the coping stones. Other repairs involving the relaying of the coping 
stones were made 10 years later, in 1869-70. 

Leveling connections.—Until the year 1867 the tide staffs were 
referred solely to bench mark 1, the top of the coping at the entrance 
to the dry dock. In 1867 bench mark 2 was established on the coping 
near the head of the dry dock. 

The elevation of the old bench mark No. 1 above the new bench 
mark No. 2 has been reported from time to time as follows: 


Foot 
June; 1868,.A. C. Mitchell, Coast Survey. ...-i---2-22 22-5) === ee 0. 176 
Feb. 8, 1870; A. C. Mitchell; Coast Survey._-_.--.2-=22 2 92) See bared F535, 
July 26, 1870, A. C. Mitchell, Coast’ Survey __22_=2 2. 222222) 2232S eeee A158 
1878, city survey office, Boston, Mass. 2.-.----.--L 325-2 2a . al 
1882, Gilbert. Hodges: 225. . 2. 2beeeee. ou Hees ee ee 
January, 1900, Hyde & Sherry, civil engineers, Boston____-_------------ Rak 
1903, I’. M. Miner, city surveyor’s office, Boston_-_--.-----.-2 22 223ee . 34 
1903, W. E. Spear, Charles River Dam, Boston..-_ -'._<-..-22 32a . B4 
1903, H. B. Wood, State harbor commission =___.2-: 222.1225 eee sah 
Aug. 9, 1916, N. H. Heck, Coast and Geodetic Survey__--------------- 37 
Oct. 13-16, 1923, E. B. Roberts, Coast and Geodetic Survey____------- . 36 
Nov. 15, 1927, Dwight P. Robinson & Co. (Inc.), New York____-------- . 36 


The change from 0.176 in 1868 to 0.155 in 1870 was probably due 
to the repairs in 1869, while the gradual change from 1870 to 1900 may 
be assumed to be due primarily to the action of frost on the seams 
between the stones. Between 1900 and 1927 the changes are small 
and irregular. 

In 1916 the third bench mark, designated as bench mark 3, which 
consisted of a standard disk of the Coast and Geodetic Survey, was 
established on Dry Dock No. 2 at the navy yard. This dock was 
built in 1905. The relation of bench mark 3 to the two older benches 
has been determined by levels as follows: 


| B. 
Foot Foot 
Aug.'9, 1916, N. H.-Heck, Coast and Geodetic Survey-:------_=--------=----2.---- 0. 89 0. 52 
October, 1923, E. B. Roberts, Coast and Geodetic Survey--.------------------------- . 86 . 50 
November, 1927, Dwight P. Robinson Co. (Inc.), New YorkK-.....------.----------- . 85 . 49 


Assuming that bench mark 3 has remained fixed, the above results 
suggest that both the older bench marks may have settled from 0.03 to 
0.04 foot between 1916 and 1927, although the differences are too small 
to be conclusive. 

Tide scale-—In 1903 measurements under the direction of John R. 
Freeman, chief engineer of the committee on the Charles River Dam, 
were made between the footmarks of the inlaid tide scales on the walls 
of the dry dock. It was found that the spacing between marks on the 
same stone was always exactly 1 foot, but between marks on different 
stones the difference was a Little in excess of 1 foot. On the tide scale, 
directly under bench mark 1, the excess varied from 0.04 to 0.07 foot, 
with a total excess of 0.36 foot between the top of the coping and the 
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16-foot mark, which was the lowest division of the scale. It was also 
determined that the top of the coping was 30.47 feet above the aver- 
age level of the gate sills of the dry dock. 

Another measurement of this scale, made under the direction of an 
officer of the Coast and Geodetic Survey on June 27, 1927, indicated 
an excess varying from 0.04 to 0.08 foot between individual stones and 
a total excess in the entire scale which was 0.04 foot greater than that 
obtained in 1903. Although this suggests that bench mark 1 may 
have risen 0.04 foot during the period 1903 to 1927, it will be noted 
that the levels between bench mark 1 and bench mark 2 show a rela- 
tive change of only 0.02 foot for this period, and that levels to bench 
mark 3 indicate a settlement of 0.04 foot between 1916 and 1927. 

Conclusions in regard to bench-mark changes.—What conclusions can 
be drawn from the above data in regard to any changes in the elevation 
of bench mark 1 since the tide observations were commenced in 1847? 
Changes from three causes are conceivable—settlement of the dock as 
a whole, raising of the stones by the action of frost in the seams be- 
tween the stones, and changes caused by relaying the stones during 
repairs. 

The dock was substantially constructed by a capable engineer; 
approximately 16 years had elapsed after its construction before the 
tide observations were commenced; and a careful investigation by 
the chief engineer of the committee of the Charles River Dam in 1902 
failed to reveal any evidence of a settlement. For these reasons we 
may safely disregard the question of settlement. 

Changes due to other causes are in evidence, but the exact amount 
of such changes is unknown. It will be noted that in 1857 an expan- 
sion of the seams between stones amounting to approximately 2 
inches in some cases was reported. In 1903 a careful measurement 
gave the maximum expansion between two stones as 0.07 foot, or a 
little less than 1 inch, and in 1927 this expansion was found approxi- 
mately the same. Taking into account the possibility that the value 
given in 1857 may have been only a rough estimate rather than a 
direct measurement, there appears to be no reason for concluding that 
the elevation of the bench mark on-the coping since 1903 has differed 
materially from its elevation in 1857 because of the opening of the 
seams between the stones. It appears probable that the expansion 
due to the action of the frost had already reached a maximum in 
1857, and it is not impossible that this expansion had reached a 
maximum prior to that time. As the dry-dock walls had been com- 
pleted approximately 16 years before the tide observations were 
commenced in 1847, it is reasonable to assume that there had already 
been some expansion in the seams prior to the beginning of the obser- 
vations, and the bench mark may not have changed much in elevation 
between that time and 1857. 

During the repairs of 1859 some of the stones were relaid, and it is 
probable that the bench mark on the coping was lowered a little 
but through the action of frost in subsequent years again raised. 
Similarly in 1869-70 the bench mark may have been lowered again 
a small amount by repairs and later raised through the action of frost. 

From the year 1900 to the present time (1927) leveling connections 
with other bench marks indicate that bench mark 1 has remained 
very nearly fixed. If all the leveling is accepted as absolutely 
accurate, bench mark 1 apparently rose 0.02 foot relative to bench 
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mark 2 between the years 1900 and 1916 and then settled 0.01 foot 
relative to bench mark 2 or 0.04 foot relative to bench mark 3 between 
the years 1916 and 1927, but these differences are too small to be 
conclusive. 

Because of the uncertainty in regard to the exact amount of the 
fluctuation in the elevation of bench mark 1 due to the causes 
described and also for want of positive information concerning the 
. methods always used for connecting the several tide staffs with the 
bench mark, no attempt has been made to apply corrections for 
these fluctuations, but the heights of the tide planes as directly 
obtained are compiled in the tables which follow. The general 
uniformity of the results indicate no considerable change in the 
datum. 

Reduction of records —Detailed results from each year of observa- 
tions obtained from the reduction of the tide records for the navy 
yard are given in Tables 1 to 8, and summaries of the tidal data are 
included in Tables 25 to 28. The items contained in these tables are 
explained in the following paragraphs: 

Lunitidal intervals —The mean high-water lunitidal interval is the 
average time that elapses between the transit of the moon over the 
meridian of a place and the following high water. Similarly, the 
mean low-water lunitidal interval is the time between the transit of 
the moon and the following low water. For brevity these intervals 
are frequently designated simply as the high and low water intervals 
and are represented by the symbols HWI and LWI, respectively. 
In general the tides are referred to either the upper or lower meridian 
passage of the moon. The intervals usually vary from day to day 
with changes in the phase, parallax, and declination of the moon and 
sun, but the aver age over a consider able period of time is fairly constant 
for any particular locality. 

The mean high-water interval is also sometimes called the “cor- 
rected establishment of the port,’”’ and is approximately the same as 
the ‘‘high water, full and change,’”’ which applies to the tide at the 
times of new and full moon. At such times, however, the intervals 
are usually 10 to 15 minutes greater than the mean. 

The mean high-water interval at the navy yard, as derived from 
30 years of observations from 1847 to 1876, is 11.44 hours, or 11 hours 
26 minutes, and the mean low-water interval for the same period is 
5.23 hours, or 5 hours 14 minutes. The intervals as obtained for the 
individual years will be found in Table 1. The averages for the three 
10-year groups are also given. 

Mean rise interval—The mean rise interval, abbreviated MRI, is 
the average time between the transit of the moon and the middle of 
the period of the rise of the tide. It may be computed by adding the 
half period of rise to the mean low-water interval, rejecting multiples 
of the semidiurnal tidal period (12.42 hours) when desired. The 
mean rise interval is convenient for comparing the time of the tides 
at different stations when it is unnecessary to distinguish between 
the high and low water differences. The mean rise interval for the 
navy yard is 8.34 hours. 

Tropic lunitidal intervals —Near the times of the maximum decli- 
nation of the moon there is often considerable inequality both in the 
intervals and in the heights of the two high waters and also of the 
two low waters of each day. The term “tropic tides’’ is applied to 
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the tides at this time. From an harmonic analysis of the observations 
for the year 1869, the following tropic intervals were obtained for the 
navy yard: Tropic higher high-water interval—that is, the interval 
referring to the higher of the two high waters of the day at the time 
of the tropic tides—11.36a hours; tropic lower high-water interval, 
referring to the lower of the two high waters of the day, 11.58b hours; 
tropic higher low-water interval, referring to the higher of the two 
low waters of the day, 5.15a hours; and tropic lower low-water inter- 
val, referring to the lower of the two low waters of the day, 5.46b 
hours. The intervals marked ‘‘a’’ refer exclusively to the moon’s 
upper meridian passage at the time of its north declination and to 
the lower meridian passage at the south declination; the intervals 
marked ‘“‘b” refer exclusively to the moon’s lower meridian passage 
at its north declination and to the upper meridian passage at the 
south declination. 

From an inspection of these tropic intervals, the sequence of the 
tides is higher high water to lower low water followed by the lower 
high and higher low water. 

Greenwich intervals—The lunitidal intervals which are usually 
computed and published refer to the transits of the moon over the 
local meridian of the place where the tides have been observed. Such 
intervals do not afford a direct means for comparing the time of the 
tide at stations located in different longitudes but require certain 
corrections for the difference in longitude. If the lunitidal intervals 
for all stations were referred to the transits of the moon over some 
standard meridian, such as the meridian of Greenwich, they would 
afford a direct means of obtaining the actual difference in the time of 
tide without further correction. In west longitude the Greenwich 
intervals exceed the local intervals by an amount equal to the average 
time elapsed between the transit of the moon over the meridian of 
Greenwich and the transit over the local meridian. For the longitude 
of the navy yard, and also for Commonwealth Pier No. 5 in Boston, 
this is 4.90 hours. Applying this difference to the local lunitidal 
intervals and rejecting multiples of the semidiurnal period when 
desired, the corresponding Greenwich intervals are obtained. The 
Greenwich intervals for mean high water, mean low water, and mean 
rise of tide are included in Table 25. 

Duration of rise of tide——The mean duration of rise of tide, abbre- 
viated DR, is the average time required for the water to rise from its 
minimum height at low water to its maximum height at high water. 
Similarly the mean duration of fall is the average time required for 
the tide to fall from high to low water. Since the average period 
between two consecutive high waters or between two consecutive low 
waters is the semilunar day, or 12.42 hours, the sum of the mean 
duration of rise and the mean duration of fall must equal this amount. 
The mean duration of rise for the navy yard from 30 years of obser- 
vations is 6.21 hours, and the mean duration of fall is the same. 
Therefore, the average time required for the tide to rise from low to 
high water at the navy yard is the same as the average time required 
for it to fall from high to low water. The duration of rise for indi- 
vidual years will be found in Table 1. The average for three 10-year 
groups are also given. 

High and low water heights —The mean high and low water heights 
at the navy yard for each of the 30 years of observations by the Coast 
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Survey and also for 9 years of observations by the navy-yard authori- 
ties are given in Table 2. These heights are referred as near as prac- 
ticable to the zero of the original tide scale, which was 30 feet below 
bench mark 1 on the coping of the dry dock. In Table 3 these heights 
are referred to the sea-level datum which is defined on page 41. ‘The 
mean high water from the entire series is 4.81 feet above the sea-level 
datum and mean low water 4.93 feet below this datum. When cor- 
rected for the longitude of the moon’s node these values become 
4.80 feet and 4.91 feet, respectively. 

The spring and neap high and low waters depending upon the phase 
of the moon, the perigean and apogean high and low waters depending 
upon the parallax of the moon, the tropic high and low waters de- 
pending upon the declination of the moon, the diurnal high and low 
waters depending upon the daily height inequalities, and the extreme 
high and low waters depending upon a combination of astronomical 
and meteorological conditions are included in Table 27. These planes 
were derived from the corresponding tidal ranges and inequalities. 

Mean range of tide—The mean range of tide is the difference in 
height between the mean of all high waters and the mean of all low 
waters. From theoretical considerations, the range of tide is least 
when the longitude of the moon’s node is zero and the inclination 
of the moon’s orbit to the Equator is at a maximum and greatest 
when the longitude of the moon’s node is 180° and the inclination of 
its orbit to the Equator a minimum. This inequality has a period 
of approximately 19 years, and in order to reduce the range as deter- 
mined from a single year of observations to a mean value a correction 
factor is necessary. The mean of the corrected ranges for the navy 
yard for 39 years is 9.71 feet. The mean range for each individual 
year as directly obtained and also as corrected for the longitude 
of the moon’s node will be found in Table 4. The corrected ranges 
have also been arranged in groups, the first three groups containing 
10 years each and the last group 9 years. The averages for these 
are (1847-1856) 9.83 feet, (1857-1866) 9.77 feet, (1867-1876) 9.66 
feet, and (1902-1911) 9.57 feet. It will be noted that the range 
consistently diminishes but not by a uniform amount, the difference 
between the third and last group being only 0.09 foot, although 
there is a gap of 25 years between these two groups. Changes 
in the mean range of tide in harbors due to various changes in the 
configuration of the shore line and bottom are not unusual. 

Ranges depending upon phase and parallax of the moon.—The spring 
range of tide is the average maximum semidiurnal range near the 
times of new and full moon; the neap range of tide is the average 
minimum semidiurnal range near the times of the quadratures of 
the moon; the perigean range of tide is the average maximum semi- 
diurnal range when the moon is near its perigee; and the apogean 
range is the average of the minimum semidiurnal range when the 
moon is near its apogee. 

Near the times of new and full moon the forces of the sun and 
moon conspire to increase the range of tide, and near the quadra- 
tures their forces are opposed to each other, causing a diminution 
in the range. The nearness of the moon when it is in perigee 
tends to give an increased range, while its greater distance when 
in apogee tends to diminish the range. ‘The spring and neap ranges 
of tide at the navy yard, as derived from a phase reduction of the 
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high and low waters for 30 years (1847-1876), are 11.09 and 8.32 feet, 
respectively. The perigean and apogean ranges, as derived by apply- 
ing to the mean range differences obtained from the harmonic anal- 
ysis of the hourly heights for the year 1869, are 11.37 and 8.39 feet, 
respectively. 

It will be noted that the perigean range is a little greater than 
the spring range. In this locality the parallax of the moon appears 
to have a little greater influence in increasing the range of tide than 
does the phase of the moon. When the perigean and spring tides 
occur about the same time of month the range of tide will be es- 
pecially large, and when the apogean and neap tides occur together 
the range will be especially small. 

Diurnal ranges.—There is usually a difference in the height of the 
two high waters of each day and also in the height of the two low 
waters. For distinction, the two high waters of each day are desig- 
nated as the higher high and lower high and the two low waters as the 
higher low and the lower low. The great diurnal range of tide is the 
difference in height between the average of all the higher high waters 
and the average of all the lower low waters. The small diurnal range 
is the difference in height between the average of all the lower high 
waters and the average of all the higher low waters. 

The diurnal ranges for the navy yard, obtained by applying inequali- 
ties from the reductions of a single year (1869) to the mean range for 
39 years, are 10.44 feet for the great diurnal range and 8.98 feet for the 
small diurnal range. 

Tropic ranges.—The high and low waters near the times of maximum 
declination of the moon are designated as tropic tides. At these times, 
while the average semidiurnal range of tide is less than usual, the 
inequality in the heights is generally greater. The great tropic range 
is the difference in height between the tropic higher high water and 
the tropic lower low water, and the small tropic range is the difference 
in height between the tropic lower high water and the tropic higher low 
water. The values of these ranges, as derived from an analysis of the 
observations for the year 1869, are 10.24 feet for the great tropic range 
and 7.85 feet for the small tropic range. 

Extreme ranges.—Extreme tides result primarily from meteorologi- 
cal conditions, but they may also depend largely upon combinations of 
astronomical causes. The highest and lowest tides for each month of 
observations at the navy yard, as far as available, are given in Tables 5 
and 6. The average of the monthly extremes for each year and the 
averages for the corresponding calendar months throughout the series 
are also given. The average monthly extreme range of tide is the dif- 
ference between the average of the monthly extreme high waters and 
the average of the monthly extreme low waters. For the navy yard 
this was found to be 13.93 feet. The greatest range between the high- 
est tide observed and the lowest tide observed was 18.5 feet. 

Diurnal inequalities.—The diurnal high-water inequality is the dif- 
ference between the mean of the higher high waters and the mean of 
all high waters. The diurnal low-water inequality is the difference 
between the mean of all low waters and the mean of the lower low 
waters. As determined from the high and low waters for one year 
(1869), the diurnal high-water inequality at the navy yard was found 
to be 0.40 foot and the diurnal low-water inequality as 0.33 foot. 
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Mean tide level—Mean tide level, also known as half tide level, is 
a plane midway between the mean of all high waters and the mean of 
all low waters. In the reduction of the long series of observations at 
the navy yard the mean tide level was obtained for each year of obser- 
vations, and the results are givenin Table7. The mean tide level for 
the entire series of 39 years was found to be 20.12 feet above the zero 
of the tide scale. In Table 8 the mean tide level for each year is 
referred to the sea-level datum. 

Spring and neap tide level —Aside from the irregular fluctuations 
due primarily to meteorological conditions, there appear to be small 
variations in the mean tide level due to change in the phase of the 
moon. From the phase reductions for the navy yard covering a period 
of 30 years, from 1847 to 1876, the spring tide level, or average level at 
the time of the spring tides, was found to be 0.04 foot below the mean 
tide level, and the neap tide level, or average level at the time of the 
neap tides, was 0.04 foot above the mean tide level. 

Mean sea level—The mean sea level is obtained by taking the aver- 
age of the hourly heights of the tide over a considerable period of 
time. For places near the coast mean sea level thus obtained differs 
very little from the mean tide level derived from the high and low 
waters. The records for three years—1868, 1869, and 1871—at the 
navy yard were reduced to obtain mean sea level, and the average 
elevation of mean sea level above mean tide level for these years was 
0.16 foot. Adding this difference to the mean tide level as obtained 
from the 39 years of observations, we have 20.28 feet as the elevation 
of mean sea level above zero of the original tide scale. A discussion 
of the sea-level datum will be found on page 41 under ““Tidal datums.” 

Harmonic constants.—Tidal harmonic constants from an harmonic 
analysis of the hourly heights of the tide at the navy yard have been 
determined from a series of 369 days, beginning January 1, 1869. 
The processes used in the analysis are described in Special Publication 
No. 98 of the Coast and Geodetic Survey. The harmonic constants 
from this series of observations are given in Table 28. For many 
years, until the more recent series of observations was started in 
South Boston, these constants were used in making the tidal predic- 
cs for Boston for the annual tide tables of the Coast and Geodetic 

urvey. 

Ages of the tide——Inequalities in the tide resulting from changes 
in astronomical conditions will generally follow the assumed cause by 
several hours in time. The time‘that elapses between the cause and 
the maximum effect on the tide is called the age. 

The following ages have been derived from the harmonic constants 
for the navy yard: The phase age, or interval by which the spring 
and neap tides follow the new and full moon or the quadratures, 38 
hours; the parallax age, or interval by which the perigean and apogean 
tides follow the corresponding positions of the moon, 57.7 hours; and 
the diurnal age, or interval by which the tropic tides follow the maxi- 
mum north and south declination of the moon, 19.1 hours. 


TIDE OBSERVATIONS, COMMONWEALTH PIER NO. 5 


A primary tide station was established on Commonwealth Pier No. 
5, South Boston, on May 3, 1921. The float well is a 12-inch iron pipe 
with a conical casting containing a 34-inch hole at the bottom for the 
access of water. The pipe is about 23 feet long to the intake, and 
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below the intake there is a supporting section 7% feet lony in which 
are cut four 3 by 9 inch slots for the admission of water. The intake 
to the main pipe is about 7 feet below mean low water and 6 feet 
above the bottom of the harbor. Kerosene is used inside the float 
pipe to prevent freezing in the wintertime. Any difference in level in 
the pipe due to the introduction of this kerosene is taken into account 
in the tabulations by comparative readings on an exposed tide staff. 

Tide staff—A portable tide staff was installed, the support being 
secured to a pile on the north side of the pier near the inner end. 
At first a 12-foot standard staff was used with the 12-foot mark cor- 
responding to the top of support. On September 1, 1922, this was 
replaced by a new staff, the support for which was nailed to the old 
support with the top at the same elevation. The new portable staff 
was set with the 15-foot mark corresponding to the top of this sup- 
port. All tabulations of this series have been referred to the second 
staff. From first-order levels, October 13 to 16, 1923, by party of 
E. B. Roberts, the zero of this staff was found to be 17.97 feet below 
the old bench mark 1 at the navy yard. As the original series of 
observations at the navy yard was referred to a datum 30 feet below 
this bench mark, the staff readings of the later series can be made com- 
parable with the old series by the addition of the constant 12.03 feet. 

Primary bench mark.—As the tide-staff support in its exposed posi- 
tion is in more or less danger of destruction or change, it is necessary 
to check its elevation from time to time by leveling to some bench 
mark in the near vicinity. The mark adopted as the primary bench 
mark for this series of observations is designated as ‘‘B. M.7”’ and 
consists of a standard disk stamped ‘‘7/1922,’’ which is cemented into 
the upper surface of water table on the side of heating plant opposite 
Commonwealth Pier No. 5. This bench mark is 21.45 feet above the 
zero of the tide staff installed in September, 1922. The primary bench 
mark has also been connected by levels with a number of other 
ween marks in Boston to further insure the permanency of the tidal 

atums. 

Reduction of records.—The records of the observations at Common- 
wealth Pier No. 5 have been reduced by the usual methods. Monthly 
means and extremes of the high and low waters are compiled in Tables 
9 to 24, and summaries of the tidal data are included in Tables 25 to 
28. Definitions of the various tidal constants have already been given 
on pages 10—14 in connection with the observations at the navy yard. 

Monthly means—The monthly means for the first portion of the 
series of observations at Commonwealth Pier No. 5 to the end of the 
year 1924 were derived from 29-day groups, beginning with the first 
of each calendar month. Beginning with the year 1925, the means 
have been derived from the full calendar months. The record from 
the first few months of observations was rejected as defective on 
account of the clogging of the intake to the float well, and the tabu- 
lated means begin with August, 1921. 

Annual variation—tThe several tide planes appear to be subject to 
certain seasonal fluctuations, as illustrated in Figures 3 to 6, which rep- 
resent the means from the observations at Commonwealth Pier No. 5 
covering a period of a little more than five years. By Figure 3 it will 
be noted that the high water in the summer months is several tenths 
of a foot higher than in the winter months. Figure 4, which repre- 
sents the annual variation in the low water, is somewhat similar to that 
for the high water but shows a secondary depression through the middle 
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Fig. 3—ANNUAL VARIATION IN HIGH WATER, COMMONWEALTH PIER NO. 5 
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Fig. 4.—ANNUAL VARIATION IN LOW WATER, COMMONWEALTH PIER NO. 5 
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Fig. 5—ANNUAL VARIATION IN RANGE OF TIDE, COMMONWEALTH PIER NO. 5 
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of 'the summer. Figure 5 shows the variation in the mean range, 
which depends upon the relative variation in the high and low water 
heights. This curve shows two maxima and two minima points. 

Mean tide level, which is a mean between the high and low water 
heights, and the sea level, which is the average of the hourly heights, 
are represented in Figure 6. It will be noted that these two curves 
are approximately parallel and that the mean tide level is consistently 
about a tenth of a foot lower than the sea level. Both the mean tide 
level and the sea level are from two to three tenths of a foot higher in 
the summer months than in the winter months. 

The fluctuations illustrated by these figures may be due partly to 
meterological conditions depending upon changes in the seasons and 
partly to astronomical conditions depending upon changes in the 
declination and parallax of the sun. 

Intervals, ranges and inequaliuies—tIn addition to the principal 
tidal elements derived from the full series of observations, the sum- 
maries of Tables 25 to 28 include the following quantities for Com- 
monwealth Pier No. 5. Intervals, ranges, and tide planes depending 
upon the tropic tides, and the ages of the tide were computed from 
the harmonic constants given in Table 28. The spring, neap, perigean 
and apogean ranges were obtained by applying differences derived 
from the harmonic constants to the mean range of tide from the full 
series of observations. The diurnal high and low water inequalities 
were obtained from three complete years of observations, 1922 to 1924, 
inclusive. The diurnal ranges were obtained by applying the diurnal 
inequalities to the mean range for the entire series of observations. 
The relations of the spring and neap tide levels to the mean tide level 
were obtained from a phase reduction of the high and low waters for 
the year 1924. 

Tide planes——The tide planes given in Table 27 are referred to 
both the sea-level datum and the Boston low-water datum which 
are defined on page 41. The relations of the different tide planes to 
each other and to mean tide level depend largely upon the various 
tidal ranges and inequalities. The mean tide level at the navy yard 
was derived independently from the high and low water observations 
covering some 39 years. The observations at Commonwealth Pier 
No. 5 available at the time of this publication cover a period of only a 
little more than five years. Because of the fluctuations in the yearly 
mean level in any locality, this shorter period of observations is not 
sufficient for a satisfactory independent determination of mean tide 
level. Comparisons have therefore been made with simultaneous 
observations at Portland, Me., where a mean level has been deter- 
mined from 15 years of observations. During the period of obser- 
vations at Commonwealth Pier No. 5 it appears that the average 
level of the water was 0.07 foot below normal, and this difference has 
been applied in Table 27 to the mean tide level and other tide planes 
determined from the observations at Commonwealth Pier No. 5, 
excepting the highest and lowest tides observed, which are taken 
without modification. 

Harmonic constants —The harmonic constants for Commonwealth 
Pier No. 5, which are given in Table 28, were derived from an analysis 
of two 369-day series beginning January 1, 1922, and January 1, 1924. 
These constants are now being used in making the tidal predictions 
for Boston, published in the annual tide tables of the Coast and 
Geodetic Survey. 
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TIDE OBSERVATIONS, MISCELLANEOUS SERIES 


Besides the principal series of tide observations at the navy yard 
and at Commonwealth Pier No. 5, there have been a number of 
shorter series in various parts of the harbor which were obtained ~ 
from time to time in connection with other hydrographic work. The 
observations have been reduced and compared with simultaneous 
observations at certain standard ports, and the results are given in 
Table 29. For the comparisons the observations at the navy yard 
and Commonwealth Pier No. 5 were used as far as practicable, but 
when observations at either of these stations were not available 
other ports of reference were used. 

The results obtained from very short series of observations may be 
affected by accidental conditions prevailing at the time of the obser- 
vations, which would be largely eliminated in a longer series. For 
this reason such results are to be considered only as approximate 
values and subject to adjustments based upon other tidal data for 
the same general locality. 

Adjusted tidal data.—Table 30 contains adjusted tidal results for 
the tide stations which are enumerated in the preceding table. In 
obtaining these adjusted values consideration was given to various 
factors involved. The results from the more recent observations 
were given preference to those of earlier observations, not only because 
of possible changes in the tide due to changes in the configuration 
of the harbor but also because the later series were presumably made 
under more favorable conditions. The difficulties of maintaining 
accurate time in the earlier years were undoubtedly much gréater 
than during more recent years. 

In making the adjustment consideration was given to the harbor 
as a whole. The times of the high and low waters throughout the 
harbor differ by only a small amount, the tides at the navy yard 
occurring about a quarter of an hour later than at Boston Light. 
The mean range of tide at the navy yard is about 0.7 foot greater 
than at Boston Light. The mean range throughout the harbor varies 
from 9 to 10 feet. 

The spring and neap ranges are included in this table. For the 
two primary stations at the navy yard and Commonwealth Pier No. 
5 these ranges were obtained directly from the observations. For 
the other stations they were derived by applying to the mean range 
factors based upon the observations at the primary stations. 

Information in regard to the distance that tidal influences extend 
up the several rivers is included in Table 30 for convenience of 
reference. 


CURRENT OBSERVATIONS, 1847 AND 1848 


In connection with a hydrographic survey of Boston Harbor under 
the direction of Lieut. Commander Charles H. Davis, current obser- 
vations were taken between June 9 and October 22, in 1847, and 
between June 7 and October 21, in 1848. A sailing schooner, the 
U. S. S. Gallatin, was used in making the observations, and the work 
was under the immediate supervision of Lieut. John N. Maffitt. 
Although the apparatus used is not described in the records, it is 
presumed that the velocities were obtained by a log line and that 
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they represent the currents near the surface. Directions of the cur- 
rent were obtained by angles between the float and objects on shore. 

The results from these observations are shown in Table 31. The 
station numbers refer to those assigned in the original reductions but 
are prefixed by the letter ‘‘D” to signify that they are stations occu- 
pied by the party of Lieutenant Davis. Numbers omitted refer to 
stations for which insufficient data were obtained or to stations which 
were reoccupied after a preceding number had already been assigned. 
Following the location and dates on which the observations were 
made, the length of observations is given to the nearest half or whole 
day. 

The times of the slacks and strengths are referred to the tides as 
observed at the Boston Navy Yard, the slack before flood and the 
flood strength being referred to the low waters and the slack before 
ebb and.ebb strength to the high waters. In general the current 
phases follow the tidal phases to which they are referred, but if the 
current occurs earlier than the tide, it is indicated in the table by a 
minus (—) sign. The time differences are given in hours and decimals. 

The direction for the flood and ebb strength is reckoned in degrees 
from the true north as 0°, through east as 90°, south 180°, and west 
270°. The velocities of the flood and ebb strength have been cor- 
rected by factors depending upon the range of tide at the navy yard. 

The flood duration from slack before flood to slack before ebb and 
the ebb duration from slack before ebb to slack before flood are given 
in hours and decimals. 

Mean current hour—The mean current hour as given in this table 
is expressed in solar time and is the mean interval between the transit 
of the moon over the meridian of Greenwich and the time of the 
strength of the flood current modified by the times of slack water and 
strength of ebb. In computing the mean current hour an average is 
obtained of the intervals for the following phases: Flood strength, 
slack before flood increased by one-fourth semilunar day (3.10 hours), 
slack after flood decreased by one-fourth semilunar day, and ebb 
strength increased or decreased by one-half semilunar day (6.21 
hours). Before taking the average the four phases are made compar- 
able by the addition or rejection of such multiples of the semilunar 
day (12.42 hours) as may be necessary. 


CURRENT OBSERVATIONS, 1860, 1861, AND 1863 


A survey of Boston Harbor was undertaken in 1860, and current 
observations were made between July 30 and October 10, 1860, under 
the direction of Assistant Henry Mitchell. Additional observations 
were made between August 4 and September 19, 1861, and between 
August 8 and August 29, 1863, under the direction of Assistant 
Mitchell. 

Surface velocities were obtained by a log line. Observations for 
different depths were made by using two cylinders or two globes con- 
nected by wire, the upper cylinder or globe supporting the lower one, 
which was set at various depths. By this method the observed cur- 
rent was the resultant of the current at the surface and at the depth 
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of the lower cylinder or globe. In these observations the direction 
of the current was obtained by angles between the float and objects 
on the shore. 

The results given in Table 32 cover depths to 10 and 12 feet, and 
may therefore be considered as applying to the current at an average 
depth of 5 to 6 feet. The numbers for the stations occupied in 1860 
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are the same as originally assigned, and following these the stations 
occupied in 1861 and 1863 are numbered in the order in which they 
were occupied. All the station numbers in this table are prefixed by 
the letter ‘“‘M” to signify that they were stations occupied by the 
party of Assistant Mitchell. Table 32 is similar to the preceding 
table which was explained on page 19. 
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CURRENT OBSERVATIONS, 1902 


In connection with a general survey preliminary to the construction 
of the Charles River Dam, the committee in charge obtained current 
observations at several points in Boston Harbor. These current 
observations were conducted by W. E. Spear under the direction of 
J. R. Freeman, chief engineer, and the results were published in 1903 
by the committee on the Charles River Dam. They were made 
principally in the channels in four localities, between Boston and East 
Boston, between Governors Island and Castle Island, between Deer 
Island and Long Island, and between Long Island and Moon Head. 
In the first three localities named the observations were taken at five 
different depths, namely, near the surface, about one-third to bottom, 
one-half to bottom, two-thirds to bottom, and near the bottom. In 
the last location the observations were taken at four depths only. 

The velocities were obtained .by current meters, five different 
meters being used for the different depths. Three of these were 
Ritchie Haskell meters, one a Fteley & Stearns meter, and the other 
an Ellis meter. The direction of the current was in general parallel 
to the axis of the stream. 

The observations were made principally near the mid-channel, 
where the velocity is greatest, but there were also some observations 
made at a number of points in the sections across the channels. The 
results in Table 33 are from the observations in the mid-channel and 
refer to the several depths indicated. In this table the station num- 
bers are prefixed by the letter ““C”’ to signify that the observations 
were made by the committee on the Charles River Dam. 


CURRENT OBSERVATIONS, 1926 


A special tidal current survey of Boston Harbor was begun June 8, 
1926, by a party under the direction of R. W. Woodworth, of the 
Coast and Geodetic Survey. The work was continued until August 
11, 1926, when the party proceeded to Portsmouth, N. H., for a 
survey of that locality. 

Equipment.—The floating equipment included the two wire-drag 
launches, Ogden and Rodgers, and the launch Helma, a 55-foot boat 
which was leased for the period of the survey. In addition to these 
three launches which were used in the observation of currents, the 
launch Treasure Trove, a 40-foot boat, was leased as a dispatch boat 
and was also used for observing currents. Each of the three larger 
launches had accommodations for a crew of eight men, while the 
smaller launch had accommodations for six men. All launches were 
equipped to remain on station for periods of one week at a time. The 
principal current apparatus! in use consisted of current poles, Price 
current meters, and bifilar current indicators. There was also in use 
a Pettersson current meter. 

_ Current pole—The current poles were used in obtaining the direc- 
tion and velocity of the current near the surface. The pole generally 
used was 15 feet long and weighted to float uprightly with 1 foot of 
its length above the water surface. Such a pole would therefore 
indicate the resultant current for the first 14 feet of depth, which 


1 Apparatus used in current surveys is described in considerable detail in Specitl Publication 124 of 
the C. & G. Survey. 
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may be considered as referring to an average depth of 7 feet. For 
very shallow depths shorter current poles were used. 

The line attached to the pole was so graduated that the observer 
determined the velocity in knots by the number of divisions that 
passed over a given point during an interval of one minute. To 
permit the pole to get a sufficient distance beyond the disturbed 
waters near the launch and also to attain the velocity of the current 
before observing, a stray line of approximately 100 feet in length was 
used between the graduated line and the pole. 

The direction of the current relative to the boat was obtained by 
means of the pelorus, a graduated dial arranged in a convenient 
place on the boat so that the current line would pass over its center ° 
as the pole was carried out by the current. The direction of the 
vessel’s head being known by the compass, the direction of the 
current for each observation was readily calculated, corrections 
being applied for the deviation and variation of the compass. 

Price meter —Price current meters were generally used for the lower 
depths. These meters indicate velocity only. Meter cups rotating 
with the current cause an electric contact to be made at each turn of 
the cups, or, with a device known as the pentahead used for the greater 
velocities, at each five turns of the cups. These contacts are audible 
to an observer with ear phones on board the boat and indicate the 
velocity of the current by their frequency. Each meter in use during 
the survey was tested by the United States Bureau of Standards, 
and a rating table was prepared, showing the velocity of the current 
corresponding to different rates of rotation of the meter cups. 

In order to expedite the raising or lowering of the meter to any 
desired depth and at the same time to prevent it being carried side- 
wise by any strong current, a guiding cable held vertically by a heavy 
weight was used. The meter, which was raised and lowered by its 
own cable, was shackled to the guiding cable in such a manner as 
to permit it to slide up and down as desired. 

Bifilar indicator.—To obtain the direction of the current at the 
different depths at which the velocities were obtained by the Price 
current meter, an apparatus known as the bifilar current indicator 
was used. This device enabled the direction of the current at three 
different depths to be determined simultaneously. Three vanes, each 
supported by two parallel wires, were arranged so that they. could be 
lowered independently to the depths desired. The supporting wires 
were connected with frames which turned with the vanes. Indi- 
cators attached to the frames, passing over peloruses, gave the direc- 
tion of the current relative to the vessel’s heading. 

Pettersson meter.—A Pettersson current meter was also used in this 
survey, but as only a single meter of this type was available obser- 
vations were made principally with the Price meter and the current 
pole. At several current stations the Pettersson meter was used in 
compeuen with the Price meter with very satisfactory agreement in 
results. 

The Pettersson meter is designed to give a photographic record of 
both the velocity and direction of the current and will operate auto- 
matically for a period of two weeks. A water-tight cylinder contains 
a tiny camera with a roll of film moved by clockwork, a small elec- 
tric lamp with batteries, a glass velocity disk with numerals inscribed 
near the outer edge, and a glass compass disk carrying two magnetic 
needles and inscribed with numerals to indicate direction. 
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The compass dial is free to move so that the needles may assume a 
north-and-south direction. The velocity dial, through a system of 
reducing gears and parallel magnets, rotates with an anemometer 
wheel which is actuated by the current. At intervals of 30 minutes 
the electric lamp is automatically flashed and a picture is taken show- 
ing certain numerals on the velocity and compass dials. The numeral 
on the velocity dial indicates the accumulated motion of that dial 
due to the movement of the current. The difference between two 
successive readings, as interpreted by a rating table, gives the average 
velocity of the current for the half-hour period. The numeral on the 
compass dial indicates the direction of the current at the moment the 
picture was taken. 

Stations occupied.—During this survey 56 current stations were 
occupied in Boston Harbor, the locations being indicated in Figures 
7 to 11. At stations W1, W16, and W37 the observations covered 
periods from 6 to 14 days. At the other stations the period of obser- 
vations ranged from one-half to two days. 

In general observations were made at each station with both the 
current pole and the Price meter, the latter being set at depths 
approximately equal to two-tenths, five-tenths, and eight-tenths of 
the depth at each station. These observations were usually made in 
groups at half-hourly intervals, each group consisting of a pole obser- 
vation and two meter observations at each of the depths, the direc- 
tion of the current at each depth being obtained by the bifilar current 
indicator. Supplementary observations with the Pettersson meter 
were obtained at stations W2, W5, W9, W10, W33, W49, and W54, 
the results practically agreeing with those obtained by the Price 
meter. 

Reduction of records.—Following the method generally employed 
in the reduction of current observations, the velocities as observed 
at approximate half-hourly intervals were plotted on cross-section 
paper with the flood velocities above and the ebb velocities below the 
zero line representing slack water. A smooth curve was then drawn 
following the general line of the plotted velocities. From these curves 
the times of slack water and the times and velocities of the current 
at strength of flood and ebb were tabulated. 

The times of slack water and strength of current were then com- 
pared with the times of high and low water at the primary tide 
station at Commonwealth Pier No.5, and the observed velocities 
were reduced to mean velocity by comparison with the range of tide 
at the primary tide station. The directions of the current as 
observed on the pelorus were corrected for ship’s head and the 
variation and deviation of the ship’s compass and are therefore 
represented in true azimuth as reckoned from the north toward the 
east. 

The reductions were made separately for each depth at which 
observations were taken, and the results are given in Table 34. The 
station numbers are as originally assigned in the survey, with the 
letter ‘‘W”’ prefixed to indicate that the stations were those occupied 
by Lieutenant Woodworth in 1926. 

Harmonic analysis —The hourly velocities at stations W1, W16, 
and W37 were reduced by harmonic analysis. Station W1 is located 
at the entrance to Nantasket Roads, Station W16 is at the entrance 
to President Roads, and Station W37 is in the channel between 
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Boston and East Boston. The total lengths of series used for the 
analyses at these stations were 5, 14, and 6 days, respectively. For 
station W16 two separate analyses were made, one for a 10-day 
series and the other for a 4-day series. 

Because of the shortness of these series, the usual elimination 
processes were not applicable, but corrections were made by com- 
parison with tidal harmonic constants derived from simultaneous tide 
observations at Commonwealth Pier No. 5, Boston. The analyses 
were made for components Mz, My, Mg, No, Se, Ki, and O;, and values 
for other components were inferred from these principal components 


and from the tidal components for Boston. The harmonic constants — 


are given in Table 35. 

The consistency of the results derived from the several series indi- 
cates that the semidiurnal components for these stations have been 
reasonably well determined, notwithstanding the shortness of the 
series of observations upon which they are based. The constants 
derived for the diurnal components, especially the epochs for these 
components, are less well determined. Because of the small ampli- 
tude of these components and also of components My, and Mg, the 
epochs are very sensitive to any small irregularities introduced by 
accidental conditions. On the other hand, the small amplitudes of 
these components in this locality render them of little practical 
importance. 

Station W16, off Deer Island Light at the entrance to President 
Roads, is a principal current station for which predictions are given 
in the current tables published annually by this bureau. Hereafter 
Hey predictions wil. be based upon the harmonic constants in 

able 35. 


CURRENT OBSERVATIONS, BOSTON LIGHT VESSEL 


There have been two series of current observations at the Boston 
Light Vessel in accordance with a general plan for obtaining such 
observations through a cooperative arrangement between the Coast 
and Geodetic Survey and the Bureau of Lighthouses. The first 
series of current observations at the Boston Light Vessel covers the 
period September 22 to December 26, 1913, and the second series 
June 8, 1926, to June 30, 1927. The apparatus consisted of a log 
line graduated for a run of 60 seconds, a 15-foot current pole weighted 
to float with 1 foot of its length above water, a pelorus, and a stop 
watch or sand glass, the latter having been used for the earlier obser- 
vations. An observation was taken each hour of the day. 

The tidal current in this locality is weak and slightly rotary and 
is affected to a considerable extent by the wind. Im general the 
velocities are less than one-half knot. The maximum velocity 
recorded was 1 knot, which occurred on April 7, 1927, during a north- 
west gale and at a time when the normal tidal current would have 
been easterly. The wind therefore tended to increase the normal 
Welealty and also to divert the direction of the current to the south 
ol east. 

Tidal current—In reducing these records the observed velocities 
were resolved in north and east directions and then referred to the 
times of high water at Boston, the earlier series being referred to the 
predicted tides for the navy yard and the later series to the observed 
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tides at Commonwealth Pier No. 5. The average velocity and 
direction of the current for each hour after high water are given in 
Table 36. The average times for the slacks and the strengths for 
both series are referred to the tides at Commonwealth Pier No. 5, 
and the velocity and direction at the strength of flood and ebb are 
also given. The average velocity of the tidal current at strength of 
flood and ebb is only 0.1 knot. This velocity, being derived from 
resolved currents, grouped according to the number of hours after 
high water, is less than would be obtained by selecting the maximum 
velocities during the periods of flood and ebb regardless of tidal hour 
or exact direction. The average velocity for both flood and ebb 
current obtained by such a selection for a 29-day period was 0.3 knot. 

Set of current.—In Table 37 there is given the set of the nontidal 
current for each month of observations. This set is very irregular, 
and the velocity is too small to be of practical importance. The 
resultant set from the longer series is in an easterly direction with a 
velocity of 0.02 knot. Because of the irregularity in the direction of 
the set from month to month, this velocity derived from the resolved 
currents for the entire series is less than the average of the set for 
each month taken regardless of direction. 

Wind reduction.—In order to determine the effect of the wind on 
the current in this locality, the resolved currents were grouped in 
accordance with the direction of the wind, and the results are given 
in Table 38. The current due to the wind had an average velocity 
from 0.06 to 0.19 knot in a direction usually somewhat to the right 
of the direction toward which the wind was blowing. 

Harmonic analysis.—The resolved hourly velocities for a 221-day 
series beginning June 9, 1926, were reduced by harmonic analysis, 
separate analysis being made for the north and east components. 
The resulting values for the principal components are given in Table 
39. As the currents in the locality are chiefly in an easterly and 
westerly direction, the values of the H’s for the east component are 
somewhat larger than the H’s for the north component. The east 
component of principal element M, has an amplitude of 0.08 knot, 
Age is consistent with the velocity of the tidal current as given in 

able 36. 


SUMMARY OF SURFACE CURRENTS 


For the navigator the currents near the surface are of principal 
importance, and for convenience the results for these currents from 
the several surveys are brought together in Table 40 and grouped 
according to location. For the purpose of this table averages have 
been taken of the results from the pole observations and from the 
meter observations to a depth of 14 feet, and the times of slack and 
strength of current for all stations are referred to the tides at Common- 
uiaies Pier No. 5, in order that they may be comparable with each 
other.*§ 

The results from the observations at the various stations listed in 
this table show a number of minor irregularities. Some of these may 
be due to location. The current near the shore may differ consider- 
ably from that in the middle of the channel, and the current at sta- 
tions near each other may sometimes vary in time, velocity, and direc- 
tion. Some of the irregularities may be due to changes in the con- 
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figuration of the harbor, and the currents observed during the later 
surveys may actually differ from those of earlier surveys. Many of 
the small irregularities, however, may be the result of accidental con- 
ditions prevailing at the time of the observations. Only in a few 
instances did the observations at any station cover more than two 
days, and in many cases the period was one day or less. There was 
therefore no opportunity to average out any accidental errors that 
might have resulted from special conditions prevailing on the day or 
days on which the observations were made. 

The tidal currents have access to Boston Harbor through two main 
channels, President Roads and Nantasket Roads. In general the 
times of the current phases do not differ greatly in different parts of 
the harbor. The slack before flood occurs near or soon after the time 
of low water and the strength of flood from three to four hours later. 


Fig. 12.—TYPICAL CURRENT CURVES FOR STATIONS D46, W13, AND W16 


The slack before ebb occurs near the time of high water and the 
strength of ebb from three to four hours later. 

The Narrows.—The Narrows (see fig. 7) is a channel leading into 
Boston Harbor from the southeastward, with Lovell Island on the 
northeast and Georges Island and Gallups Island on the southwest. 
In this locality the main flood and ebb streams appear to flow westerly 
and easterly, passing between Georges Island on the south and Lovell 
and Gallups Islands on the north. In that part of the Narrows 
lying between Lovell and Gallups Islands the currents appear to be 
somewhat irregular, as indicated by the observations made at the 
single station D46 in the year 1848. This is illustrated in Figure 12, 
in which a typical curve prepared from the current observations of 
1848 at station D46 is compared with corresponding curves for sta- 
tion W13 between Lovell and Georges Islands and for station W16 
at the entrance to President Roads. It shoul’ be kept in mind, 
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however, that the observations at station D46 were made many years 
ago, and it is not impossible that changes such as the recent improve- 
ment in the North Channel may have materially affected the current 
in this locality. 

Off Moon Head.—From an examination of Table 40 and by refer- 
ence to Figure 10 it will be noted that in the passage between Moon 
Head and Long Island, and also between Thompson and Spectacle 
Islands, the results from the recent observations in 1926 differ materi- 
ally from those of the earlier series in regard to the time of the turning 
of the current. The relation of the current from observations of 1848 
at station D47 with the current in 1926 at stations W11 and W20, and 
also with the current at the principal current station W16, is illus- 
trated in Figure 13. In the earlier observations the phase of the cur- 
rent corresponded approximately with those for the harbor generally 
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Fig. 13.—TYPICAL CURRENT CURVES FOR STATIONS D47, W11, W20, AND W16 


but in the later series the times of the phases have been advanced two 
or three hours. 

As these passages connect the main current stream through Presi- 
dent Roads with the current stream entering Quincy Bay through 
Nantasket Roads, the currents through these passages are virtually 
cross currents which would depend to a considerable extent upon the 
relative volume of water passing through the main channels. Such 
currents might be affected to a considerable extent by changes in the 
configuration of the harbor. 

Condensed current data.—For convenience of reference there have 
been compiled in Table 41 condensed current data for selected locali- 
ties. The time differences refer to the current at the principal station 
W16, off Deer Island Light at the entrance to President Roads. These 
differences, which are given to the nearest five minutes, represent the 
average differences for all phases of the current, including both the 
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slacks and strengths of the current, the minus sign indicating that the 
current phases occur earlier than at the principal station and the plus 
sign that they occur later. The strength of flood interval is the average 
interval between the transit of the moon over the local meridian and 
the time of the following strength of flood. The direction of the 
strength of flood is given in degrees as reckoned from the true north by 
way of the east. The flood and ebb velocities represent the average 
velocities at the strength of flood and ebb. The observations at the 
current stations listed in the last column furnished the basis for the 
data given in this table, but small adjustments have been made, and 
the results are given in rounded numbers. 

Current charts—Currents in Boston Harbor are schematically 
represented for each hour of the tide at Commonwealth Pier No. 5 in 
Figures 14 to 25, which are based primarily upon the observations of 
1926. The general direction in which the current is flowing is repre- 
sented by arrows and the average velocities in knots and tenths of 
knots by small figures near the arrows. At the times of spring and 
perigean tides the velocities will usually be greater and at the times 
of neap and apogean tides less than indicated. Winds and other 
meteorological conditions may also affect both the velocity and direc- 
tion of the current. 

Near the times of high and low water, the currents slacken and are 
more or less irregular in direction. The velocities, usually small at 
these times, are not included in the charts. The maximum velocity is 
reached three or four hours after high and low waters. The average | 
velocity at strength of current through the entrances to the harbor 
is approximately 114 knots. Inside the harbor this velocity dimin- 
ishes to about 1 knot or less, except that through Nantasket Gut east 
of Peddocks Island the average velocity at strength of current is 244 
knots. 


TEMPERATURE AND DENSITY OBSERVATIONS 


Temperature and density observations of the sea water in Boston 
Harbor have been made from time to time in connection with tide 
observations, and the mean results which are available have been 
compiled in Tables 42 to 44. The results of such observations at the 
navy yard from February to December in 1863 are given in Table 42. 

Incidental to the tide observations at Commonwealth Pier No. 5, 
South Boston, the observer takes a temperature and density obser- 
vation of the sea water each day the tide station is visited. There 
are no requirements that he visit the station at any specified hour nor 
that the hour selected should be the same each day. Neither is he 
required to make these visits on Sundays or holidays. The times 
actually selected for the visits have probably covered nearly all 
hours of daylight but appear to be more frequent between 3 and 5 
o’clock in the afternoon. It may be assumed that the observations 
are distributed approximately uniformly over all phases of the tide. 
The observed densities were corrected and reduced to temperature 
15° C. Table 43 contains the monthly means and extremes of the 
temperatures and densities observed. 

Incidental to the special current survey of 1926, temperatures and 
densities were taken at three different depths at nearly all of the 
stations occupied. The densities were reduced to temperature 15° 
C., and the results have been compiled in Table 44. 
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TIDAL DATUMS 


Height datums.—A height datum is a horizontal plane or level 
surface from which elevations are reckoned. Height datums may 
be adopted either for local or general use. For local use in a limited 
area the datum may be taken as any horizontal plane, either selected 
arbitrarily or derived from some tide plane. For general use over 
large areas a datum must follow the curvature of the earth, and the 
best and most universally accepted datum is one based on the mean 
level of the sea. 

Mean sea level—Mean sea level has been defined as the plane 
about which the tide oscillates or.as the surface which the sea would 
assume when undisturbed by the rise and fall of the tide. The plane 
thus defined is the ideal datum which is sought, but the mean sea 
level obtained from a limited series of tide observations must be 
considered only as an approximation to the ideal datum. 

For practical purposes mean sea level is determined independently 
at a number of primary tide stations, and in the adjustment of a level 
net over a large area it is assumed that these various local determi- 
nations are in the same level surface. Whether this assumption is 
strictly true is beyond the scope of this work, but it serves for all 
practical engineering purposes. 

The mean sea level in any locality is obtained by taking the average 
of the hourly heights of the sea over a considerable period of time and, 
in some cases, by correcting the result by a comparison with simulta- 
neous observations at another station where the datum has been 
determined from a longer series of observations. Mean sea level 
thus obtained will depend to some extent upon the particular obser- 
vations used in the determinations, and small changes may be 
expected as additional observations become available and are included 
in the calculations. 

Sea-level datum.—For engineering work the fixedness of a datum is 
of more importance than a precise agreement with a theoretical 
definition. For this reason there should be a distinction between 
the sea level which may have been adopted as a datum for engineering 
work and the best-known mean sea level which may be determined 
from time to time from all observations available. The sea-level 
datum adopted for Boston in connection with the precise leveling of 
1923 was derived from the hourly heights of the sea at Common- 
wealth Pier No. 5, covering a period of two years beginning August 1, 
1921, the results being corrected by a comparison with those obtained 
from simultaneous observations at Portland, Me., the corresponding 
datum at the latter place being based upon 11 years of observations. 

This sea-level datum is defined as being 13.304 feet below bench- 
mark 7 in the vicinity of the tide station. Through the first-order 
leveling of 1923 this datum was referred to many other bench marks 
in Boston and vicinity. 

Boston low-water datum.—For some purposes a low-water datum is 
more convenient than the sea-level datum. Soundings on charts 
for mariners and the predicted heights of the tide in published tide 
tables are usually referred to a low-water datum. Likewise much 
engineering work is referred to low-water datums. 

On the Atlantic coast of the United States the mean of all low 
waters, called mean low water, is usually sought as the datum. 
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Unlike mean sea level, mean low water as determined in different 
localities is not even approximately in the same level surface but 
varies with the range of tide, and for this reason it is not adapted to 
leveling operations over large areas. Even in a small area there will 
be slight differences in mean low water from point to point; for 
example, mean low water as determined at the navy yard is 0.07 foot 
lower than the mean low water at Commonwealth Pier No. 5 in 
South Boston. For practical purposes, however, a low-water datum 
may be adopted which will approximately represent the mean low 
water over a limited area. 

For Boston Harbor such a datum has been selected and designated 
as the ‘Boston low-water datum.’’ This datum is defined as being 
14.69 feet below bench mark 1 on the old dry dock at the navy yard 
in Charlestown. It was established by the Coast Survey many years 
ago from observations at the navy yard and has since been used by 
the United States Army Engineers and others. This datum is 
0.04 foot above the best-determined mean low water at the navy 
yard and 0.03 foot below the best-determined mean low water at 
Commonwealth Pier No. 5 for all observations available at this time. 
Because of long usage and close agreement with the later results 
from many years of observations, the continued use of this Boston 
low-water datum is very desirable. 

Boston city base-—The Boston city base is a datum which has 
been used by the city of Boston for many years. According to the 
report of the city engineer of Boston for the year 1904, it is 15.11 
feet below the ‘‘new”’ bench mark on the coping of the old dry dock, 
which is bench mark 2 of the Coast and Geodetic Survey. The 
elevation relative to bench mark 1 on the coping at the entrance to 
the dry dock is also given in the same report, but bench mark 2 is 
the basic bench mark for the Boston city levels. 

Navy-yard datum.—The datum used by the Navy Department for 
work in the vicinity of the navy yard at Charlestown has been 
defined as a plane 114.54 feet below ‘‘Navy-Yard Bench Mark 1,” 
which is bench mark 2 of the Coast and Geodetic Survey. 

Summary of datums.—The relations of these datums to the sea- 
level datum as determined by the leveling of 1923 are as follows: 


Feet 
Sea-level datum (13.304 feet below B. M. 7)_--.-__----------.-==22 0. 00 
Boston low-water datum (14.69 feet below B. M. 1)_--------------- —4, 87 
Boston. city base (15.11 feet below B. M..2)._-=.-+.---<-=+--- 23 —5. 65 
Navy-yard datum (114.54 feet below B. M. 2)-_-__-__----+--------- —105. 08 


BENCH MARKS 


A bench mark is a definite point on a more or less permanent 
object used as a reference for elevations. The standard bench mark 
used by the Coast and Geodetic Survey is a brass disk 31% inches in 
diameter containing the inscription ‘“U. S. COAST & GEODETIC 
SURVEY BENCH MARK,” together with other information. 
Other well-defined points are also used as bench marks. Through 
bench marks tidal datums determined from observations are preserved 
for the future use of the engineer. 

The following is a list of the several groups of bench marks around 
Boston Harbor which are described in this volume: 
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The elevations of the bench mark are referred to the principal 
tidal datums. Many of them have been connected directly by 
spirit levels with the basic bench marks used in defining the datums, 
and others are connected with the datums through simultaneous 
water levels. The method used in referring the bench marks to the 
datums is indicated at the beginning of each group of marks. 


BOSTON LIGHT, LITTLE BREWSTER ISLAND 


The following bench marks have been referred to the Boston 
standard datums, through the primary tide station at Common- 
wealth Pier No. 5, by simultaneous water levels covering the period 
June 9 to July 21, 1921; the references to the local mean low water 
are based upon the relations established through the several series 
of observations at Boston Light: 


Bench mark 1 (established in 1860) is the center of a circle cut on top of a 
ledge of stone and marked thus “‘C © S.” It is about 340 feet westerly from 
the lighthouse and 15 feet southeast of the southeast corner of a boathouse 
(new in 1899). Elevation, 20.77 feet above sea-level datum; 25.64 feet above 
Boston low-water datum; 25.30 feet above local mean low water. 

Bench mark 3 (established by United States Engineers) is the center of a 
cross cut on : Sante post on the western mound of the island. It bears the 


inscription ' ® 2 Elevation, 20.60 feet above sea-level datum; 25.47 feet above 
1 


Boston low-water datum; 25.13 feet above local mean low water. 

Bench mark 4 (established in 1899) is the top of an eyebolt, without a ring, 
which is set in the rock westerly from bench mark 38 and is 15 feet north of the 
northeast corner of the boathouse. Elevation, 15.22 feet above sea-level datum; 
20.09 feet above Boston low-water datum; 19.75 feet above local mean low 
water. 

Bench mark 5 (established in 1899) is the top of an eyebolt, containing a large 
ring, which is set in a rock near and northerly from bench mark 4. Elevation, 
13.69 feet above sea-level datum; 18.56 feet above Boston low-water datum; 
18.22 feet above local mean low water. 

Bench mark 8 (established in 1916) is a standard Coast and Geodetic Survey 
bench mark set vertically in ledge in front of keeper’s house and nearit. Eleva- 
tion, 21.05 feet above sea-level datum; 25.92 feet above Baston low-water 
datum; 25.58 feet above local mean low water. ; 

Bench mark 9 (established in 1926) is a standard Coast and Geodetic Survey 
bench mark cemented in the rock 20 feet from the keeper’s house toward the 
lighthouse. It is stamped ‘9/1926.” Elevation, 18.64 feet above sea-level 
datum; 23.51 feet above Boston low-water datum; 23.17 feet above local mean 
low water. 

Bench mark 10 (established in 1926) is a standard Coast and Geodetic Survey 
bench mark cemented into the rock on the point making out northwest from the 
keeper’s house. It is stamped ‘‘10/1926.” Elevation, 11.44 feet above sea- 
level datum; 16.31 feet above Boston law-water datum; 15.97 feet above local 
mean low water. 

LOVELLS ISLAND 


The following bench mark is referred to the mean low water as 
adopted by the United States Engineers; the mean low water, as 
derived from the very short series of observations in 1912 by the Coast 
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and Geodetic Survey, is 0.26 foot higher, but on account of the short- 
ness of this series the result is not conclusive: 


Bench mark 1 (established by United States Engineers) is the top of a bronze 
bolt in the concrete in the yard of the Engineer reservation at Lovells Island. 
It was later reported that a pipe with screw cap had been set over the bench 
mark to prevent its being disturbed. Elevation, 16.82 feet above United States 
Engineers low water. 


GEORGES ISLAND 


The following bench marks are referred to the mean low water 
as adopted by United States Engineers: 


Bench mark 3 (established by United States Engineers) consists of a lead 
plug in a large stone on the south side of the sea wall, 36.7 feet from the angle in 
the wall and 1.25 feet from the outer face of the same. Elevation, 13.49 feet 
above United States Engineers low water. ‘ 

Bench mark 5a (established in 1916) is the top of an iron bolt 66.9 feet north 
from the southwest corner of the sea wall and 4.15 feet from face of same. Ele- 
vation, 12.93 feet above United States Engineers low water. 

Bench mark 6 (established in 1906) is top of large flat stone alongside of an 
iron bolt on west sea wall. It is 33.1 feet north from southwest corner of the 
wall and 1 foot from the face of same. Elevation, 12.84 feet above United 
States Engineers low water. 

Bench mark 6a (established in 1916) is the top of bolt described under bench 
mark 6. Elevation, 12.90 feet above United States Engineers low water. 

Bench mark 7 (established in 1916) is a standard Coast and Geodetic Survey 
bench mark set horizontally in the southeast corner of the red brick building at 
inner end of wharf at Fort Warren. Elevation, 15.25 feet above United States 
Engineers low water. 


CHELSEA CREEK ENTRANCE 


The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier 
No. 5, by a comparison of simultaneous tides consisting of 13 high 
waters and 14 low waters observed during the period July 24 to July 
31, 1926: 


Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘1/1926,” set on top of the west abutment of highway bridge, 2 
feet south of south edge of bridge. Elevation, 12.76 feet above sea-level datum; 
17.63 feet above Boston low-water datum. 

Bench mark 2 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘2/1926,” set on top of the west abutment of highway bridge, 2 
feet north of north edge of bridge. Elevation, 12.89 feet above sea-level datum; 
17.76 feet above Boston low-water datum. 

Bench mark 3 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘3/1926,’ set on top of east abutment of highway bridge, 18 
inches south of south edge of bridge. Elevation, 12.84 feet above sea-level datum; 
17.71 feet above Boston low-water datum, 


BOSTON (CHARLESTOWN) 


The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections: 


Bench mark 1, which has been used since the year 1846, is the top of the granite 
wall at the entrance to the United States Navy Dry Dock No. i at Charlestown. 
The point taken is directly over the inlaid bronze scale at the southerly corner 
and outside the floating gate of the dock. Originally there was apparently no 
special identification mark, but in 1916 a reference was made to a rectangle cut 
in the stone. Elevation, 9.820 feet above sea-level datum; 14.69 feet above 
Boston low-water datum. 

Bench mark 2 (established in 1867 by A. C. Mitchell), often designated as the 
“new bench mark,” is top of facing of United States Navy Dry Dock No. 1 at 
Charlestown, on the west side and near the head directly over the foot of the 
long steps. The place is indicated by an arrow cut in the side of the stone. 
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This bench mark has also been designated as ‘‘ Navy Yard B. M. 1,” but it should 
be distinguished from the original bench mark 1 described above. Elevation, 
9.455 feet above sea-level datum; 14.33 feet above Boston low-water datum. 

Bench mark 8 (established in 1916 by N. H. Heck) is a standard Coast and 
Geodetic Survey brass disk set horizontally in the granite block at the head of 
United States Navy Dry Dock No. 2 at Charlestown. Elevation 8.957 feet 
above sea-level datum; 13.83 feet above Boston low-water datum, 

Navy-yard bench mark 8 is at the head of Dry Dock No. 2 in the Charlestown 
Navy Yard in the top of the masonry about 1 foot north of bench mark No. 3. 
A chiseled square. Elevation, 9.485 feet above sea-level datum; 14.35 feet above 
Boston low-water datum. 

Navy-yard bench mark 10 is north of the tennis courts in the Charlestown Navy 
Yard, in the pier supporting a column on the southeast side of an octagonal 
building. A chiseled square. Elevation, 13.3807 feet above sea-level datum; 
18.18 feet above Boston low-water datum. 

Navy-yard bench mark 18 is in the Charlestown Navy Yard, at the corner of 
Second Avenue and Thirteenth Street, in the top of the lower course of masonry 
at the southwest corner of building 75. A chiseled square. Elevation, 10.945 
feet above sea-level datum; 15.81 feet above Boston low-water datum. 

Navy-yard bench mark 19 is in the Charlestown Navy Yard, at the corner of 
Fifth Avenue and Sixteenth Street, in the top of the lower course of stone at the 
northeast corner of building 77. A chiseled square. Elevation, 12.979 feet 
above sea-level datum; 17.85 feet above Boston low-water datum. 

Bench mark ‘‘ Waverly House” is a Boston city bench mark on the right outer 
corner, facing the building, of the second stone step at the entrance to Waverly 
House on the City Square. A point on the step. Elevation, 18.140 feet above 
sea-level datum; 23.01 feet above Boston low-water datum. 

Bench mark F2, near Charlestown, is vertically in the center of the west side 
of the fourth pier from the eastern or Charlestown end of the ‘‘Prison Point 
Bridge,” which is a viaduct carrying Prison Point Street over the railroad tracks 
and connecting East Cambridge and Charlestown. A brass disk. Elevation, 
11.575 feet above sea-level datum; 16.44 feet above Boston low-water datum. 


BOSTON (CENTRAL PORTION) 


The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections: 


Bench mark ‘Post Office” is a Weather Bureau bench mark on the post-office 
building at the corner of Milk Street and Post Office Square, in the corner stone 
at the southeast corner, 1 foot above the sidewalk. Bench mark is a chiseled 
square. Elevation, 14.587 feet above sea-level datum; 19.46 feet above Boston 
low-water datum. 

Bench mark ‘‘83 South Street”’ (established by Boston city engineers) is a 
Boston city bench mark on the lower iron step at 83 South Street. The left 
outer corner of the step, facing the building. Elevation, 12.785 feet above sea- 
level datum; 17.66 feet above Boston low-water datum. 

Bench mark J2 (established in 1923 by E. B. Roberts) is a Coast and Geodetic 
Survey standard disk 306 feet south of the south end of the train shed at the 
Southern Union Station, 213 feet south of signal bridge No. 1; 63 feet north of 
signal bridge No. 5; 414 feet east of an easterly approach track; in the top of 
the stone coping at the south end of the iron railing. Elevation, 19.308 feet 
above sea-level datum; 24.18 feet above Boston low-water datum. 

Bench mark “B. & A. mileage 0.40” is on the northwest corner of the end 
capstone of the retaining wall at mileage 0.40 on the Boston & Albany Railroad 
and also on the New York, New Haven & Hartford Railroad, south of the tracks 
of the latter railroad. A chiseled square. Elevation, 12.123 feet above sea- 
level datum; 16.99 feet above Boston low-water datum. 

Bench mark “B. & A. mileage 0.61” is on the northeast corner of the central 
pier of the Boston & Albany Railroad bridge No. 3 at mileage 0.61. A chiseled 
square. Elevation, 1.542 feet above sea-level datum; 6.41 feet above Boston 
low-water datum. 

Bench mark H2 (B. & A. mileage 1.19) is set horizontally in the footing at 
the south end of the east center pier of the Boston & Albany Railroad bridge at 
mileage 1.19, which is the second overhead bridge south of the Trinity Place 
depot of the Boston & Albany Railroad. A brass disk. Elevation, 1.371 feet 
above sea-level datum; 6.24 feet above Boston low-water datum. 
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Bench mark “B. & A. mileage 1.35” is at mileage 1.35 on the Boston & Albany 
Railroad, on the northwest corner of the lower stone step at the baggage-room 
door of the Huntington Avenue depot. A chiseled square. Elevation, 4.521 
feet above sea-level datum; 9.39 feet above Boston low-water datum. 

Bench mark “‘B. & A. mileage 2.41” is on the northwest corner of the south- 
west pier of the Boston & Albany Railroad signal bridge just east of bridge No. 
16 at mileage 2.41. A chiseled square. Elevation, 11.417 feet above sea-level 
datum; 16.29 feet above Boston low-water datum. 

Bench mark G2 (B. & A. mileage 3.13) is at the east end of the center support 
of Cottage Farm bridge No. 18 carrying Commonwealth Avenue over the Boston 
& Albany Railroad tracks at mileage 3.13, in the east face of the support, 24 feet 
above the ground. A brass disk. Elevation, 11.001 feet above sea-level datum; 
15.87 feet above Boston low-water datum. g 

Bench mark ‘Van Orden Cottage Farm” (B. & A. mileage 3.13) is at th 
east end of the foundation of the north abutment of Cottage Farm bridge No. 18 
carrying Commonwealth Avenue over the Boston & Albany Railroad tracks at 
mileage 3.13. A chiseled square. Elevation, 10.075 feet above sea-level datum 
14.94 feet above Boston low-water datum. 

Bench mark ‘‘Boston & Albany Cottage Farm” (B. & A. mileage 3.13) is on 
the west wing, south abutment, of Cottage Farm bridge No. 18 carrying Com- 
monwealth Avenue over the Boston & Albany Railroad tracks at mileage 3.13, 
in the northwest corner of the lower coping stone. A chiseled square. Eleva- 
tion, 12.497 feet above sea-level datum; 17.37 feet above Boston low-water 
datum. 

Bench mark ‘‘Cottage Farm, Boston City” (B. & A. mileage 3.13) is in line 
with the north curb of Commonwealth Avenue and southwest of the Boston & 
Albany Railroad tracks, near the northwest end of the top of the abutment of 
Cottage Farm bridge No. 18 carrying Commonwealth Avenue over the railroad 
at mileage 3.13. A point on the bridge abutment. Elevation, 27.802 feet above 
sea-level datum; 32.67 feet above Boston low-water datum. 


SOUTH BOSTON 


The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections: 


Bench mark 6 (established in 1921) is a Coast and Geodetic Survey standard 
disk cemented in window sill of fifth window on northerly side of shore end of 
Commonwealth Pier No. 5, opposite tide staff. Stamped ‘‘6/1921.” Elevation, 
15.15 feet above sea-level datum; 20.02 feet above Boston low-water datum. 

Bench mark 7 (established in 1922) is a Coast and Geodetic Survey standard 
disk cemented in upper surface of water table on side of heating plant opposite 
Commonwealth Pier No. 5, stamped ‘‘7/1922.”” This has been adopted as the 

rimary bench mark for the tidal series at Commonwealth Pier No. 5. Elevation, 
13.304 feet above sea-level datum; 18.17 feet above Boston low-water datum. 

Bench mark 8 (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped ‘8/1922,’ cemented in stone retaining wall opposite stairway 
leading down from Summer Street to C Street, and is on ledge just above first 
landing about 7 feet below the top of wall. Elevation, 24.813 feet above sea-level 
datum; 29.68 feet above Boston low-water datum. 

Bench mark ‘‘481 Summer Street’ (established by Boston city engineers) is 
the outer right-hand corner of granite doorstep, when facing building, of No. 481 
Summer Street. Elevation, 21.519 feet above sea-level datum; 26.39 feet above 
Boston low-water datum. 

Bench mark 20, or “dry dock”’ (established by Commonwealth of Massachu- 
setts), is the top of brass cap on iron rod, 2 inches in diameter, which. has its foot 
in bedrock and extends upward through the concrete backing of the southern 
wall of the Navy Dry Dock No. 3 in South Boston, nearly to the surface, and is 
inclosed in a 4-inch iron pipe. A cast-iron cover bears the inscription ‘‘ Bench 
Mark—Do not Disturb.’? This bench mark was established by the Common- 
wealth of Massachusetts and is maintained by the Navy Department. Elevation, 
10.272 feet above sea-level datum; 15.14 feet above Boston low-water datum. 

Bench mark 9 (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped ‘9/1922,’ set in water table on the F Street side of No. 416 West 
Broadway, under third window, 514% feet from front of building. In 1922 
building was occupied by P. F. Carey Furniture Co. Elevation, 47.480 feet above 
sea-level datum; 52.35 feet above Boston low-water datum. 
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Bench mark 10 (established in 1922) isa Coast and Geodetic Survev standard 
disk, stamped ‘‘10/1922” set in water table about 2 inches above sidewalk on 
F Street side of No. 423 West Broadway, 45.6 feet from front of building. In 
1922 building was occupied by F. W. Woolworth Co. store. Elevation, 44.675 
feet above sea-level datum; 49.55 feet above Boston low-water datum. 

Bench mark ‘481 West Broadway” (established by Boston city engineers) is 
a Boston city bench mark, on the right buttress of the stone stairway at No. 481 
West Broadway. The right outer corner of the buttress, facing the building. 
eae 59.15 feet above sea-level datum; 64.02 feet above Boston low-water 

atum. 

Bench mark ‘‘82 G Street’’ (established by Boston city engineers) is a Boston 
city bench mark on the right buttress, facing the building, at the side of the 
stairway at No. 82 G Street. The lower outer corner of the buttress. Elevation, 
104.183 feet above sea-level datum; 109.05 feet above Boston low-water datum. 

Bench mark 11 (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘11/1922,”’ set in north end of fifth marble step inside iron gate 
and back of north gatepost at entrance to Washington Monument in Thomas 
Park, Dorchester Heights, South Boston. Elevation, 143.884 feet above sea- 
level datum; 148.75 feet above Boston low-water datum. 

Bench mark 12 (established in 1922) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘12/1922,” set in top of step at right of doorway on entering build- 
ing at north entrance to South Boston High School. Elevation, 111.578 feet 
above sea-level datum; 116.45 feet above Boston low-water datum. 


CAMBRIDGE 


The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections: 


Bench mark E2, at East Cambridge, Middlesex County, about 600 feet north 
of the Boston & Maine Railroad depot, in the top of the footing at the east end 
the north abutment of the bridge carrying the Southern Division over the Fitch- 
burg Division, 4 feet east of the east rail and 2 feet above the Fitchburg Division 
track level. A brass disk. Elevation, 9.16 feet above sea-level datum; 14.03 
feet above Boston low-water datum. 

Bench mark ‘‘ Massachusetts Institute of Technology” is in the basement of 
the Massachusetts Institute of Technology, in the floor in front of the door to room 
3-019, in the concrete cap on a pile driven into the ground and covered by an 
iron plate in the floor. A brass plug in the concrete cap. Elevation, 5.203 feet 
above sea-level datum; 10.07 feet above Boston low-water datum. 

Bench mark ‘‘ Cambridge City” is in the top at the west end of the north abut- 
ment of Harvard Bridge carrying Massachusetts Avenue over the Charles River, 
at the street level and on the Charles River Road, 2 feet from the railings on the 
bridge. A brass plug. Elevation, 14.951 feet above sea-level datum; 19.82 
feet above Boston low-water datum. ° 


BROOKLINE 


The following bench marks are referred directly to the Boston 
standard datums by spirit-leveling connections: 


Bench mark Q2 is about 300 feet west of the west end of the Boston and Albany 
Railroad depot at Brookline, 5 feet south of the south rail, in the center of the 
south abutment of the Boston & Albany Railroad bridge No. 1.56, 3 feet above 
the ground. A brass disk. Elevation, 17.743 feet above sea-level datum; 22.61 
feet above Boston low-water datum. 

Bench mark ‘‘Van Orden St. Marys Street’’ is at the east end of the north 
abutment of St. Marys Street Bridge over the Boston & Albany Railroad tracks, 
in the top of the second stone. A chiseled square. Elevation, 11.706 feet above 
sea-level datum; 16.58 feet above Boston low-water datum. 


NEPONSET RIVER RAILROAD BRIDGE 


The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier No. 
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5, by a comparison of simultaneous tides consisting of 13 high waters: 
and 11 low waters observed during the period July 14 to July 22, 1926: 


Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘1/1926,’’ cemented in drill hole flush with the horizontal top. 
surface of the stone bridge pier at the southerly side of the railroad bridge lift 
span. The mark is about 1 foot from the bridge span on its easterly side. Ele- 
vation, 9.14 feet above sea-level datum; 14.01 feet above Boston low-water datum. 

Bench mark 2 (established in 1926) is a Coast and Geodetic Survey standard’ 
disk, stamped ‘‘2/1926,’’ cemented in drill hole flush with the horizontal top 
surface in the next stone pier to the south of bench mark 1. Elevation, 9.06. 
feet above sea-level datum; 13.93 feet above Boston low-water datum. 

Bench mark 3 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘3/1926,’ cemented in drill hole flush with the horizontal top. 
surface of stone bridge pier on the southerly side of the railroad bridge, just north 
of that in which bench mark 1 is located. Elevation, 8.49 feet above sea-level. 
datum; 13.36 feet above Boston low-water datum. 


NUT ISLAND 


The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier No. 
5, by a comparison of simultaneous tides consisting of 89 high waters 
and 88 low waters observed during the period June 9 to July 27, 1926: 


Bench mark 1 (established by the city of Boston) is a stone monument on the 
westerly side of Nut Island and reported to be easily found. Elevation, 24.55 
feet above sea-level datum; 29.42 feet above Boston low-water datum. 

Bench mark 2 (established in 1916) is a Coast and Geodetic Survey standard’ 
disk set in northeast corner of granite foundation of sewer pumping station. 
Elevation, 27.11 feet above sea-level datum; 31.98 feet above Boston low-water 
datum. 

Bench mark 3 (established in 1916) is a %-inch brass bolt set vertically in 
granite block of retaining wall just north of shore end of coal pier. Elevation, 
18.88 feet above sea-level datum; 23.75 feet above Boston low-water datum. 

Bench mark 4 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘4/1926,’’ cemented in a drill hole in the concrete coping of a sewer 
manhole about 40 yards northwest from the shore end of the pier. Elevation, 
22.03 feet above sea-level datum; 26.90 feet above Boston low-water datum. 

Bench mark 5 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘5/1926,’’ cemented on top of a granite block on the upper sea wall 
about 50 yards south from the boathouse. Elevation, 14.37 feet above sea-level 
datum; 19.24 feet above Boston low-water datum. 

® 


WEYMOUTH FORE RIVER BRIDGE 


The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier 
No. 5, by a comparison of simultaneous tides consisting of 14 high 
waters and 14 low waters observed during the period June 17 to 
July 14, 1926: 


Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘1/1926,”’ set flush with the concrete surface of the stair platform 
on its southeast corner south of brick building of Edison coaling plant. Eleva- 
tion, 10.68 feet above sea-level datum; 15.55 feet above Boston low-water datum. 

Bench mark 2 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘2/1926,”’ set flush with the surface of the concrete wharf near 
the southwest corner, just south of the concrete mooring bitt block. Elevation, 
9.77 feet above sea-level datum; 14.64 feet above Boston low-water datum. 

Bench mark 3 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘3/1926,”’ set flush with the surface of the concrete-fence top. 
that makes out from the extreme easterly side of the wharf running normal to 
the road. Elevation, 14.40 feet above sea-level datum; 19.27 feet above Bostom 
low-water datum. 
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CROW POINT, HINGHAM HARBOR ENTRANCE 


The following bench marks are referred to the Boston standard 
datums through the primary tide station at Commonwealth Pier 
No. 5, by a comparison of simultaneous tides consisting of 37 high 
waters and 36 low waters observed during the period June 19 to 
July 8, 1926: 


Bench mark 1 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘1/1926,” cemented in a drill hole on top of stone sea wall north- 
west from dock and about halfway between dock entrance and shore. Elevation, 
9.44 feet above sea-level datum; 14.31 feet above Boston low-water datum. 

Bench mark 2 (established in 1926) is a Coast and Geodetic Survey standard 
disk, stamped ‘‘2/1926,’’ cemented in a drill hole on top of stone sea wall on 
main shore line about 20 feet south of dock entrance ataturninthe wall. Eleva- 
tion, 9.00 feet above sea level datum; 13.87 feet above Boston low-water datum. 

Bench mark 3 (established in 1926) is a Coast and Geodetic Survey standard 
‘disk, stamped ‘‘3/1926,” cemented in a drill hole on top of stone sea wall on main 
shore line about 100 yards northwest of dock entrance at a sudden bend in the 
shore line. Elevation, 9.33 feet above sea-level datum; 14.20 feet above Boston 


low-water datum. 
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The following tables give the results which have been obtained 
from the observational data discussed in the preceding pages. Ex- 
planations of the terms used will be found in the text. A list of the 
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TaBLE 1.— Mean lunitidal intervals and duration of rise of tide, Boston Navy Yard 


| 

Denitidal | Dura- Tanita Dura- pers Dura- 

i i i i intervals i 

Year intervals | tion a intervals ae Vent Hon 
———_———| 3 a ; 
HWI/ LWI | TS HWI | LWI UWL) o 4 
| =I = ell 
| Hours| Hours | Hours Hours | Hours Hours | Hours 
5 by op Ea as | dl. 35 95:20) |, 6.15 |) 1857-25225. 11. 40 5. 20 5. 28 6. 20 
pte ee } 11.37 DralF |e 6,208) F188 22228 11. 44 5. 22 5. 25 6.33 
TRAD Sree se 11. 40 5202] <6::20)||' 1859. ---: 2 11.40 | 5.18 5. 30 6.17 
1b ee ee 11. 37 De | 6; 20 et S60 ease 11. 43 5. 23 5. 28 6. 22 
ASHT st 11. 37 5.17 6:203| | 1S6leeseee 11. 47 5. 28 5. 22 6. 25 
ot ee ee 11.37 SSL 6622041) 18625 S22 11. 47 5. 22 5. 32 6.15 
be ee 11. 38 5.18 62200 IS6322- 2222 11. 47 5. 25 5. 22 6.13 
18645 e. ees 11.40 | 5.22 6.1841] 18642. == 11. 47 5. 28 5. 25 6.15. 
BBG e ee 1140) 5:20")! 165.201) 186522225 — 11. 53 5.35 5. 25 6. 27 
E856) = 2222 11.37 5.17 6. 20 | 18662-- = 11. 53 5. 33 5.17 6.31 
Means.._-| 11.38 | 5.19 6.19 Means...) 11.46 | 5.25 5.25 6. 23 
1 Records for year incomplete; see note 1, Table 2. 

Mean high-water lunitidal interval for entire series.................---.---.-..--------.---- =11.44 hours 
Mean low-water lunitidal interval for entire series...............--------------------------- = 5,23 hours 
Mean ‘duration ‘of riseof ‘tide for entire\series? 2-9 i EEE = 6.21 hours 


TABLE 2.—Mean high and low water on original tide scale, Boston Navy Yard 
Mean | Mean | Mean | Mean Mean | Mean || Mean | Mean 
Year high | low || Year | high | low Year high | low | Year high | low 
water | water |; | water | water water | water || water | water 
Feet | Feet | Feet | Feet Feet | Feet | Feet | Feet 
1847 1____ 25. 34 | 15.13 || 1857_-__- | 25.00 | 15.40 || 1867 1_._.- 25.04 | 15.24 || 19021_.___ 25.16 | 15.34 
1848" --..3 25. 23 | 15.26 || 1858_.--- | 24.85 | 15.30 || 1868_-___- 24.78 | 15.04 || 1903 1_____ 25.16 | 15.28 
st ees 25.30 | 15.16 || 1859_.__- 24.89 | 15,24 || 1869_____- 24.91 | 15.15 |) 1904 1____- 24.98 | 15.09 
1850_----- 25, 23 | 15.18 || 1860_--_- | 24,88 | 15.19 |} 1870_----- 25.14 | 15.32 |; 1905 1_____ 24.92) 15.05 
HSbl2-=22 25.18 | 15.22 || 1861__--_-| 25.00 | 15.23 || 1871_-_-_- 24.78 | 15.26 || 1906 1__-_- 24.92 | 15.13 
1852. 2.2.2 25.17 | 15.33 || 1862.-.__-| 25.01 | 15.26 || 1872___-.- 24. 84 | 15.19 |) 1907 tc sc) 2 See eee 
1853----3- 25.15 | 15.38 || 1863_-..--| 24.97 | 15.27 || 1873_--__- 24.93 | 15.34 || 1908 1_____ 24.81 | 15.09 
1854.21.28 24.96 | 15.25 || 1864__.-_- | 25.01 | 15.15 || 1874_..._- 24.74 | 15.25 || 1909 1_____ 24.80} 15.31 
Uepbeea=ee 25.06 | 15.38 || 1865_-.-_- | 25.14) e151 ares es - 2 24.76 | 15.32 || 1910 1____- 24.94 | 15.62 
18562222. 5 25.05 | 15.52 || 1866 1_--__| 25.01 | 15.11 || 1876__---- 24,92 | 15.40 1900 _ Zee 24.71 | 15.41 
Means-| 25.17 | 15.28 || Means_| 24.98 | 15. 23 Means.| 24.88 | 15.25 | Means_| 24.93 | 15.26 


1 Records for year incomplete, the following months being represented: 1847, June to December; 1866, 
January to September; 1867, August to December; 1902, February to December; 1903, January to August, 
October to November; 1904, July to December; 1905, January, April to December; 1906, January to 
August; 1908, January, April to November; 1909, March to December; 1910, March to December. 


The above heights are referred to the ori 


Mean high water from entire series 


Mean low water from entire series 


ginal tide scale on Dry Dock No. 


1 at the navy yard. 
24.99 feet on original tide scale 
=15.25 feet on original tide scale 
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TaBLE 3.—Mean high and low water referred to sea-level datum, Boston Navy Yard 


| \ i ; 
Mean | Mean |, | Mean | Mean | Mean | Mean | Mean | Mean 
Year high | low | Year | high low Year high | low | Year high | low 
water | water | water water water | water | water water 
| ta fo al aa | ell Ta, 
| Feet | Feet || | Feet | Feet | Feet | Feet | | Feet | Feet 
ty ge | 6.16 |—5.05 || 1857__.... | 4.82 |—4.78 || 1867 1_____ 4.86 |—4.94 | 1902 1____. | 4,98  —4. 84 
it.) ae | §.05 |—4.92 || 1858__--_- | 4.67 |—4.88 || 1868_.--_- 4.60 |—5.14 | 1903 1____- 4.98 | —4.90 
bs 5.12 |—5. 02 || 1859______ | 4.71 |\—4.94 || 1869_.___. 4.73 |—5.03 | 19041_____ 4.80  —5.09 
1850__-...| 5.05 |—5.00 || 1860___-_- 4.70 |—4.99 || 1870__.._- 4.96 |—4.86 | 1905 1_____ 4,74 | —5.13 
31.) a! 5.00 |—4.96 || 1861_.___- | 4.82 |—4. 95: |) 187 oss 4.60 |—4.92 | 1906 1_____ 4.74 | —5. 05 
ub oe aa 4.99 |—4.85 |} 1862_____- | 4,83 |\—4.92 || 1872_____- A-66)\— 4299" W007 2-25 |2o 22 lec 
1863252. | 4,97 |—4.80 || 1863_--..- | 4,79 |—4.91 || 1873_...-- 4.75 |—4.84 | 1908 1____- 4.63 | —5.09 
1854_..._- 4.78 |—4.93 || 1864_____- | 4,83 |—5.03 |) 1874_.---- 4.56 |—4.93 | 1909 1_____ 4.62 | —4.87 
gb. | eS 4,88 |—4.80 |} 1865_.___- | 4.96 |—5.07 || 1875..-.-- 4.58 |—4.86 || 1910 1_____ 4.76 | —4. 56 
as) eee | 4,87 |—4.66 || 1866..---- | 4,83 |—5.07 || 1876....-- 4.74 |—4.78 || 1911.._._. 4. 53 | —4.77 
Means. 4.99 |—4.90 a re 4.80 —4.95 || Means.| 4.70 |—4.93 Means_| 4.75 | —4.92 
| | | | 


1 Records for year incomplete; see note 1, Table 2. 
Above table is derived by referring the values in Table 2 to the sea-level datum defined on p. 41. 


Rreaninion water iromentire series. .2.2.-5--- = 2-22 ees 22 as =4,81 feet above sea-level datum 
MPHTB ONY Water IrOlm ONntire SOries- 2252222 lo o2 ee. 25 ee ES =4,93 feet below sea-level datum 
Mean high water (corrected for longitude of moon’s node)-_------------- =4,80 feet above sea-level datum 
Mean low water (corrected for longitude of moon’s node) --------------- =4.91 feet below sea-level datum 


TaBLe 4.—Mean range of tide, Boston Navy Yard 


Mean | Corrected Mean Corrected 
Year range Factor | range Year range Factor range 
Feet | Feet Feet Feet 

10. 21 0.97 9590 186 7te ees Aes SS 9. 80 0. 97 9. 51 

9.97 .97 O264, || WIS6keteten ae = ss 9.74 97 9. 45 

10. 14 97 | OF 8441 S60e. = os Ss aes 9. 76 98 9. 56 

10. 05 98 OES PlSs0s ace Sne see es 9. 82 99 | 9. 72 

9. 96 99 OF RGn| |PlStlee sone saeco ene 9. 52 1.00 9. 52 

9. 84 1.00 | OV SE TS eo an Be eee oe, 9.65 1.01 9. 75 

9.77 1.01 | OUST |i 1Sieees Secon es nee oes 9. 59 1.02 9. 78 

9.71 1.01 O28) Sie ee ore TE 9. 49 1.03 9.77 

9. 68 1.02 C887 lS iota eae Se cee See 9. 44 1.03 9. 72 

9. 53 1.03 | DS2ul|p lorGnesase assess 9. 52 1.03 9. 81 

Ousdilesure 2 | 9. 83 Means..----- 9 Gite eee 9. 66 

9. 60 1.03 9: 89}! 1902!15 2 SoS so sees 9. 82 0.97 | 9. 53 

9. 55 1.03 | QR84c 1903. ees See 9. 88 97 | 9. 58 

9. 65 1.02 OS84 |) LOAN aes sae ae | 9. 89 97 9. 59 

9. 69 1.02 O588)|[ 1905 =a a5 aoe 9. 87 97 9. 57 

9.77 1.01 O87. |) 1906 Ses oes 9.79 . 98 9. 59 

9.75 1.00 O75. 190 soe anak tae Seen esas eaten en ean a omeeaeee 

9. 70 -99 960"): 1908-15 22 ss = =e eee 9.72 1.00 9. 72 

9. 86 98 | 9°66. ||| 1900: !oo5-s2s2S2eee= 9. 49 1.01 9. 58 

10. 03 97 thar | a ne 9. 32 1, 02 9. 51 

9. 90 97 | 960) ||| LON cee See 9. 30 1.02 9. 49 

arene | See ress 9.77 Meéans#ocsse- Qvesrlbs so eesee 9. 57 

1 Records for year incomplete; see note 1, Table 2. 

Mean range of tide from entire series......-.----.----------------=---~------------------------ =9, 74 feet 
Corrected mean range from entire series_.....-.----------------.------------------------------ =9, 71 feet 


The first column following the year contains the mean range of tide as directly obtained from the observa- 
tions; in the next column are given the factors for correcting for the longitude of the moon’s node; and in 
the last column the mean range as corrected by this factor. 
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TaBLE 5.—Monthly extreme high water above sea-level datum, Boston Navy Yard 


Date Height Date Height Date Height Date Height 
1847: Feet 1852: Feet 1857: Feet 1862: Feet 
JUNE oseesen 6.7 Jane Oeee2=--= 6.7 apeia ey eae 7.2 Janice 2 eae 7.6 
July 31222 =. -2 6.6 Heb HG; fase 6.7 Heb: 2552 S2_2- 6.0 Feb. 2082 se 6.8 
Avg. 2682 a5 = Se 6.7 Mar: 6; 18:_--2 6.6 Mar. 27-_- 6.8 Mar. 16.0.-222 7.8 
Sept: 262 22-2- (EU ADYiO geese = 8.0 Arn giessces (al Apr sige ape 6.3 
Oetazbaeer: 22 7.3 May; 2252222 & 7.3 Miay 2302222 =3 6.5 May. 1o-225 Tan 
INOVa2e 2.2 6.9 VUNG eae 6.8 June: 132 6.3 June Tse. ae 7.4 
Wee. 2228 24-2. 7.5 Vily 20 ee 6.3 July 2452 eee Oto) July Glee wae 
PAVE 1 Sie 6.4 AU SHS Ee ers 6.1 ‘Alig. Oho Rees 6.9 
Highest.__| 7.7 SentelGnmaenes 6.9 Sept. 7 mann 5.9 Sept. 25.._-__- 6.1 
Average.._| 7.06 OcteWbrs 222 = 7.5 Octa6245 =. =2 6.8 Ooh gE ATS 7.0 
INOW 2 ee lank INOVades mene 7.2 Nov. 7, 21, 22. Tae 
Pi 1DYfos OLD 8.1 Deer slashes 8.3 Dec, ia. 6.8 
6. ; : 
Highest_..| 8.1 Highest___-_. 8.3 : 
8.0 7 Highest ___-_- 78 
6.8 Average. __ pis 08 Average. _.. bs 6. 72 Average... 701 
6.3 || 1853: ii 1858: 
742 )||¢ Rar, 4 ee NuacAts} Jan 20. Saoses 7.6 || 1863: 
Tel || Meh weds see 6.9 Heb, 26,2822 5.9 Jan poles ee 7.3 
6.8 Misr 21 6.7 Wisi lean 6.1 Feb. 192.2452 6.5 
6.7 ASOT 26% eae 6.9 JN) oth yes Se os da Mars 3.5 ae 6.3 
6.8 Misy. 245 oso 7.4 Miavol52=oee GE, Apr, bos aen 6.9 
Oct. 14, LORE er June.23222* 22 7.3 june) 4 eee 7.2 May, 62-25-25 6.7 
Nov. (is. | 72 Tulys20neee ae | 6.8 July 2 7.2 June eee 6.9 
1D eciel OE eae 7.6 AUP Sy 20e eal) Gas AUIS 0 eee 7.0 Juby ete 7.0 
Septs 1500 1S ce Septsgsenauate 6.1 Aug. 28______- 7.0 
Highest___ 8.0 | Octe pe ses 6. 2 Oci25. = 7.9 Sept. 25._.._-- 6.3 
Average.._| 7.02 || ° Nov. 30_____-- eu INOV -2oeee eee 8.5 Oct: 26.232 6.5 
———ii|f] ID Yeye 42) es | 8.9 Deco 22 8.1 || (Novatsoeoe 6.7 
car eat Highest... 8.9 Highest_____ 8.5 || Dec. 18---—- ‘2 
Rabel ie mi | Average...|. 7.12 Average_____ peed 12 Highest.....|_ 7.3 
Mar: 28.3.2 5.2 7.0 || 1854: | 1859: i Average_---| 6.78 
SADE e250" oe oe Gra Meader sees ee 6.9 Janssen eel 7.3 
Miayi23 5a a 6.4 | Mebi 268 sone ae 6.4 ebm Ses os (a! 
June 2022227 tee | Maraol= see 6.0 Wiars 18: ee 6.3 iy 
yeaa eee fede |e Aon else nes ses i "628 ATTN 5 oe 6.5 | 6.3 
Aug. 17,18..__| 6.9 May 15.2222: 6.3 Nays Soaeuee fe BOR | 8.1 
Sept. 16, 30. 6.455) Sdunewas lee. 7.0 June 30_-____- Grivel hak 
Octo: eae UA Dilly OSs 7.3 Tilys2; 3022 mon 6.8 
INOvz oO see eee GOA h eeATI ELS tL eee ae (pal JANI P FI Se yee 7.0 6.6 
ecw leeso. a 7.8 Sept. 6.2225" 6.9 Sept. 25,27___| 6.6 ei 
—=—=—"| Octo 2522s es 6.5 Oct. 25, 97 ee) 6x50 4} 5 6.7 
Highest_-_| 7.8 NOV.225 6.8 Nov. 22._-.__- lel} : 6.6 
Average.._| 7.0: | 1DY={ ines eee eet FS) Deca a= te On ae : oe 
5 Highest_._| 8.8 Highest____- a ‘ 
1a) | 76 Average..| 6.90 Average..._| 6.73 || Dee. 29.------ 6.6 
(Me Di252 mee 7.1 |) 1855: i 1860: Highest_-__-- 8.1 
GR ORN)| Mean Oh oo 8.1 acing see 6.9 Average._..| 6.82 
Gl Hebi l6s5-s= 7.9 Heb..9ss Tous lie 16:9") 
GHOR |) Mars2je ee 7.0 Varo aoe | 7.0 |) 1865: 
6.8 | Apres 18223. Se 6.6 Apr e 2820) 6.7 Jan. 5, 1422222 6.0 
Wal Mid yi 0s SSer ee 6.8 IME a ae ee 6:8. || Reb. 2aesseeee 6.9 
taal | DUNC. oe ee 6.4 ajwiats) yeas Bs 6.6 || Marss0eaaee 6.9 
cet edtilya20 se. See 7.4 July 64 .|| Apia = 7.2 
6.6 MU 20 oo oe ae (,0 PANU] Cont (eae a 6.6 Miay 24-Seenee ihre 
6.7 NOD t 25,0 ee 7.3 Sepia ties 6.7 June 22. = =2252 6.4 
8.0 Oc oie fe AGES Oct: 6.9 || July sno 5.9 
———== | INOW 23552 6.5 Noval ses 7.9 Aug. 10, 11.-.- 6.0 
ighestass|se 8: On sey ec: 0s sassen 26.4 Went? 3-3 6.6 Sept. 82s2u- 222 6.4 
mverones <| wee a Highest nul Highest____- 7.9 Oct. ree ee 
1851: Average. ---! 7. 02 Average. --.|_ 6. 83 Decale 7.4 
pe) oT Wy CO 7.5 1856: | 1861: cl 
Feb. 16...___- G72 Wiancg cs esl tase ita Os. ae | 6.9 yeeenet Ce 
Mar. 18______- 9.0 Mops § suse ae 6.9 Heb. 28.2 2) 33 ai} Mh he) 
Aprei6neesres 10.1 Mars6) 7, Slcul) V6u7 Marton: saa | 6.9 |} 1866: 
WMiayilon es | 6.5 DAD RS i oe ee (Bul Wpr 20; 2iesee 7.5 Jan .27osee 6.7 
Une }29 20 oe wee | 6.3 Mia yaGhe eon 15 65.0 May a 7.2 Feb: le 2ssbens 6.2 
LU valerate 629) | sduned 2 ee 6.6 June 225 aeeee 6.9 Mar. 225 ees 6.3 
ATL A20E ke ONG ahbdhioriee ee | 6.6 ily 20 nea Gadi eal Apri lao ee eee 6.1 
Septia2iaeen ae Ole || MeewAIT ON Ome aun (623 TA ap Geile 6.7 ||| May 145eeeeee 1603 
O6t 240 oh (aseame ly eSopbaitb ra. oe 6.9 Siero ly Ames 6.3 June 14______- 7.2 : 
INOVve2 lea 8.2 Och whee 6.5 Octo. 7.0 July: 12a eee 7.0 
WGC: 242 nes | 6.4 Nov. i2slese= 6.8 Novos! ee 8.7 Aug: 92-2322 6.5 
Tay | eC: 4 eee 7.0 Meei3l2.22. 28 tha Sept. 2622 6.3 
ighest_._| 10.1 Hich . = P 
ghest=2-el ee See Highest ____- ey, Highest____- 7.3 
Average...) 7.40 Average...-| _ 6.93 Average..._| 7.00 Average__.-| 6.62 
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TaBLE 5.—Monthly extreme high water above sea-level datum, Boston Navy Yard— 


Continued 
Date Height Date Height Date Height Date Height 
1867: Feet 1872: Feet || 1876: Feet || 1908 Feet 
Aatg: 20. <= 5 2 7.4 Jani lilees-eee* 6.8 Sept. Loss se2 6.9 Oct: (8, de 4=5 6.7 
Sept. Ise.» 6.4 Hebyi0e-oee= 6x8) a O Cin Ostesaeser 6.1 Nov; 82222228 6.6 
(Oye et li Sea 6.0 Mar: 10s 2-222 6:8) ||) INOvioss===== 6.6 
Woyei2= = = 6.6 AMDT e 22a e ne 5.9 Decils-sse.s 7.3 Highest____- 7.4 
ae cee Bel Geneon ah te Highest 7.5 sh aie 
a ee .8 | eee - ae 
Highest____- 8.4 Jalyi 223 =r TEA || Average__--| 6.93 é 
Average____| 6.96 Aug. 18,20-.--| 6.5 | 1909: 
Sept. 16,18...) 6.5 || 1993. Mar. 26_____.- 7.4 
1868: Oct. 18, 30__--- 5.7 Dae 6.6 May a ------- é. : 
ane Ceo SEA caaeenaas oe |) Mepelt = 6.8 || Junel7-.....| 64 
Tviste, DSL 6.9 oo, ee eee _—_* || Mar. 29_--__-- 6.4 Teal v2 7414 ee 5.8 
Apr.7........| 7.6 || Highest... a reac ae Aug. 8: 2265 | 6.7 
May 24.__.2_- 7.0 | Average----| 6.59 || 2b egeea By : Sept. 2_-___.-_ 7.2 
June 22 6.8 || June 25______- 7.4 Oct. 1, 2, 28,30_) 6.6 
July 19, 21----| 6.6 || 1873: eo ee lhe INO. 2tese ae 7.4 
ng. Wf ee i) Jan. 2 Bat ||) Seen nee a me Dec. 26..-----; 9:9 
Peete | py) eb 2 se} 74/ | DES el oe 
Octs16; Wi. -== 6.4 | Wier: 30252 2-28 dat al 5 Highest__-__- 9.9 
aaa au) gees | ceo. || pinibmestcn 74 |) SNORE 
Wr Gamer "|| guneis.-| 66 ||  Average----| 6.82 
Highest_.___ eel: sally 16.2222 6.5 | | ae eer 
Average -__- 6. 86 Ags 8 we See's 6.8 |} 1904: We gts AIP ln Sears sigur aig | : 
|| Sept. 6,8.-.--- 65 || May1,2.___.. Wea vebe 63 or aiany dens 
a OCR OH ees Seu (he july 13, Pots ae Apr. 10, ion oo 7 
Are sO! 2 = 7.0 ION to ee 6.9 || vo fen Mpeien 5 | Si a a M 
Feb. 26.._.__- 71 Wechey. se 6.6. || Sept. 92... -28 6.7 bed aap f 
Misr. 302224. =. Cel oan pemOot Zhe takes 6.8 Tivo. sls 6. 9 
LO et ae 6.6 Highest___-- teal welNowGss==-222 7.0 || (Ere baa 6.9 
Ninweo t=. 's. 6.6 Average ---- 682) “DecxS2s =e. se- 625°] ear | ‘i 
June 12, 14,22} 6.0 ——— || |) Dept. 18, 21.5 hi eG0 
. We cpt | iaeae Picks 21c  s | 7.5 
Ljtb | hve Sra ale 8.0 1874: || Highest__--- 7.0 Nov. 18 70 
Ue OOS a 6.4 Tans ceases 7.0 || Average- .-- 6. 51 || Dee + (ONT LITE 79 
pent: i ae 6.5 ee l6sehee=2 6.9 = SO eee re ay Neh 
Op es 8.0 AG 20ce eee 6.5 k : 
Novebs 6.9 Wpred8.. = 6.4 || ee ae as | Highest. as 7. 5 
Dee. 3...----- 7.0 pay a op ee st Miar 2322 . 32 (SZ i| mae z 
Highest.___- ee | esa) LHS Nes eeeee ete soxg oo 8-7 Il i911: 
AVErAgO= al" (6-97. || Alig. 29-7-=—- 6.5 || W aeeaers == Re Tan lbs see TE ar 
Sept. 28 6.9 | June 17,19.---| 6.3 Fob. 13 : 
1870: Ott 27,282) Bball ee Gl | Bere ani aoe oe 
Jan. 2....-- Gon ibe Naya.) ey |) cameeate aaa PaRa |g ee Amato o6 
Feueis..-....| 7.4 Dec. 24.-_-.- 6.8 Sept. 30... --.- ou Nhocdgtan 71 
Mar. 187] 7.8 sre “| et. 28.00... BAe ee be 
Mp 30:0. 7.8 Highest___-- TOM Kee rie | eg July 2k en 
al 3 pe 7.3 Average..--| 6.72 er EAT i ate Ih SATE Gee ane 6.0 
spree) 1 ee 6.9 ; W SSept-glSae— 2a Seal 
cf oh ea 6.8. || 1875: | qlblighest.2 6) 5.8.5 OMe: ae 
oe sower 1) 6.1 Van Queer alk Gail al Average_---| 6.95 NOW Tee 6.9 
Sepis282.-- 6.7 Rebs o2c Weal || \= Wi aiieceie 2a 6.8 
pee ees TO Maar, 8.2-==25-= 6.8 |) 1906: | — 
(oh ar ee Zl uAtor: (G6 ee aes 6.4 Jane 14022 | 6.9 |) Highest eee at 
Dee. 20... -.-- 70 pene saeorh rhe Ae 9. .------ 7.0 || vere --| 6.62 
LM rare t ALS Oe cose 6.6 || 
Highest-_-__- 7.8 Duly see a-oes|0 1047 Hh Aton 10) Leese OND 
Average__.... 7.11 AN e832 5 | 6538 May 10h. es 743 Monthly aver- 
: === Sept. 17-2 Seas 688 8 |) aanieOnyaecnes 7.4 ages for en- | 
1871: Otis 162222 6.7 Hh, Gaiam yee N07 tire series: 
oe ies 6.3 INOve) 125 25See- | 5.1 INT ae feat an 5.7 Fontan aie 7. 08 
nea a =e a Deacwla=s eee rsa WesNow Te. aosee PPPs ri datos neeree a 
Meee Men pomvarege ety cee! p ueuenee PEE |! oemeat cha O77 
Supe eec |, 7.4 ee | Average: 2-2) 6.89 | | ones el, SeUBL 
dhvlhiee2) Ce 6.7 1876: | 7 Tulyae eee 6. 83 
Mate aS ae 6.5 Jans 10S sl eS I, Ac stes eee 6. 68 
iets] oe a ee 6.3 Jats) Oya Meee 6.9 6.6 September---- 6. 65 
Oct. 16, 18__._- 6.1 Mar, 295-32. 3 yee | 6.9 October..__--- 6. 82 
NOV. 152-22. = 8.5 Apri? (eto Miz 6. 2 November.---| 7.12 
Dec: 13, 14-225)! | 6.9 IWinyaoiee se aa 6.6 6.2 December- ---| 7. 34 
June 24_____-- (fal 1.2 
Highest____- 8.5 Wulye2l S223 ine 2 Average for 
Average.___| 6.76 AT OMG bee Se Tepe 7.4 series __._- 6. 89 


Highest tide of these observations was 10.1 feet above the sea-level datum and occurred on Apr. 16, 1851, 
during a severe storm which destroyed the Minots Ledge Lighthouse. 
The heights in the above table are referred to the sea-level datum defined on p. 41. 
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TABLE 6.—Monthly extreme low water below sea-level datum, Boston Navy Yard 


- oa — ——— a : 
Date Height Date Height Date Height Date Height 
1847: Feet - Feet 
tite 6 pee 6.6 Ted, 
July 202s cece | a7a0: 6.7 > 
que. 285 ee 7.4 yep 
6.6 7.8 
a0 7.4 
a) 6.9 
6.7 6.8 
6.4 
7.5 6.5 
7. 04 ao 
8.1 
7.7 
3 7.8 Lowest. --- 7.4 
79 7. 06 Average. .-.. 6. 78 
7.8 1858: 
(fo 6.8 Janie >. 22 7.3 
6.6 6.6 Mepi2/—25-s22 6.6 
6.6 7.4 Mar.:19-. 22503 6.8 
6.6 A dat AMY. AGL 6.9 
6.4 May 24.______ edad May 14..-_--- Teo 
7.0 June) 21. ---_ oe: June 12. .__.-. 7.1 
(6G VUZE 22 6.9 July Uo = 6.9 
7.3 Aug. 2lavce.- 5 6.0 sAue.9, 10-=. == 6.5 
Septb se 6.3 Opt.Wees es 6.7 
7.9 Oct sate nes 6.6 Oct. 22)233 2 6.2 
6.99 INOV Si2eccen ee 7.3 INOV.i20_ 22223 6.8 
Dec. if 6.5 Dec) 2022 .see= 7.4 
1849: 
Lowest -.--_- ard Lowest-.--- 7.5 
te . sescaecs| f 2 Average... 6.91 Average_...| 6.89 
Mar) 268252225 Gar 1854: a 1859: 
Apr26 eas 2228 7.3 JAN. goose one 7.9 Jan..205. 2a. 7.5 
May 25_..---- 7.0 Heb: 272 2s2—~ tbsth Web wii os 7.6 
JUNE yore 2 7.2 Whar sals= sso Tao Mar 120253202 7.2 
Ajvl hy eS ee 7.0 ADA Ss Saco 6.8 YN 0) ae ly ee 6.7 
ATE 19-2 2s 2 6.6 May i6--222))| 7.0 May (5-22-2238 6.9 
Septal72 = 6.4 June 22222 tae UMNC!S-e2nee = (es 
Octial22 Sa 6.4 Ub yala soe (AC Moly slp sse ss 7.3 
INOV.c0_--.=_- 6.8 ATE. 102250 se (ial Aug. MeL co ree 7.3 
DEC) 285 2s ee accel: Sept. \(2-2----- | Ser Sept: 27-2--223|) J657 
| OctiGriace = 6.7 OGt. 2627-524 6.7 
Lowest ----- 7.3 INOV.22ece0 co! 6.2 INOVetdsese= as tha! 
Average._-_-| 6.88 Decs 212 = ss 6.9 Wee, 12. S225 6.5 
1850: | Lowest ----- 7.9 Lowest ----- 6 
Teer Oyj a 6.7 Average- --- 2b Average... 7. 05 
Mab. 27..-2._3 7.2 1855 , iv 1860: 
Mar:.80._ 22.2 Gal Jan. 2 csocace 6.3 Jan. 1.25 ee 7.3 
Amr tbo. 2223 7.4 Hebe oases 6.7 Heb: 10-=-222- 7.9 
Mayiaaenns ae 7. 2 Man 21._.- 7.6 Wisi 0s eeeose 7.6 
June 2-2 7.4 ADI hi2eesees 7.0 Aiprii8: jo2- 228 7.5 
Afbihyen Pee eS 7.2 IMayl§.-<2222 6.3 MayiG. 222225 7.0 
Aug: 9-222 dead DUNG wee sees 6.6 June 22,24._..| 6.3 
Septes: 2. see 6.7 Oily ole=-seene ork: Waly; 20ec-e- oe 6.8 
Octi6=. 2-2 6.6 Aug. 30_...... 6.8 Aug. 18,19____ 6.8 
INOV:-4, 522225 6.9 Sept.2o-- sees 6.4 Sept. 16____- a et) 
Dec 18-ses 2 6.7 OGt. 26222 252-8 6.7 Ooty =222 = 7.6 
UNGV, 245: 22a (fe? NOV: 13...-282 6.5 
Lowest. .--- 7.4 Mec, 24..-- 523 | 6.5 Dec, 14... 52.6 7.5 
Average----| 7.02 Lowest 7.6 Lowest----- 7.9 
e | 6.77 | Average....| 7.19 
1851: | 
|| 1861: 
Jan. 19--._.... | haat’ 6.1 || Jan. 30, 31----- 6.6 
Se ae a 7.0 || Feb. 25,26..-.| 7.6 
Apt Ae 1B... MeO ca Mer. 28 ene nane a 
May 17..----- } 6&3 6.8 May 25.._.... 7.2 
ques, 15_---- 2 6.9 June 22.._---.| 6.7 
Ad ees 74 Ditly Stee 6.6 July 22, 23.8 6.4 
Sent 7 ead a1 aE 17, 1822621) MONS: ||| pAtips Se 2-oeeee 6.3 
Oo 73 Sept. 16,17_.._| 6.6 Sh ay ee 6.9 
Nov oF as 73 Oot. 188-2422 2 6.8 Oct. '6.... 222 7.3 
Deo Fe 73 INOW. U2. cco 6.8 NOV. 4.222255 7.2 
Be eave Y Dec. 10-2) 7.0 Dee. 222228 (Acs 
Lowest. -.-. 7.9 Lowest... -..- 7.9 Lowest. ..- 8.2 
Average__..| 7.00 Average....| 6.85 Average...-| 7.15 Average. -.- 7.17 


i 


=— 
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TABLE 6.—Monthly exireme low water below sea-level datum, Boston Navy Yard— 


Continued 
l 
Date | Helght Date Height | Date Height Date Height 
| 
1867: | Feet 1872: Feet 1876: Feet 1908: Feet 
1 5) 7.8 BEB I Pe eae 6.4 Oct! 16=2-22cc- 7.2 Oct 11-2 6.8 
ios eae 6.9 Febs 835s... 6.6 NOV: 485-2352 6. 2 INOws 085 ee ce Gov 
Suey === 6.4 Mar 22-02. . 1eOe| > “DSC! 162.2228 7.8 
INOV. 15. 2c<c5 | 71 Apr 25, .282222|' 638 Lowest. ..-- 8.0 
10 YON eee 7.0 May 24.-.-..- 6.8 Lowest. .-.-- 7.8 Average._--- 7.00 
June 22, 23....| 7.0 Average_.--| 6.96 
Lowest--.-- eer te) Afb kd bi EEE 750) 1909 
Average... .-| 7.04 be 1908: ae Mar. 22, 23,24 6.8 
1868: a4 || wee) EP | Ape ie 
—— — 7. 6.4 Mar. 12...2..- 70 oo ere ary 
Heb=10. ===... Ge 7.3 Ai 20 ec 6.4 Tuy 6. 7.3 
Mar. 9_-----<- ts Piehey saan aol” 7.00 |) Sue arse 78 
Apr. 62...--- Z, 7.3 || June 26,27....| 68 || Sent. ac O58 
May 25----.-- 6. 6.77 July, 27 7.2 aa ogra: 74 
Jane 25------- 6. Mag. 232 2s 7.0 || Nov. 26.....-- 71 
July 22.------. 7. 7.6 Oct, 212). 42:5" 6.6 Waclgnaaale let Got 
Aug. 19, 20.--- 7. 7.0 Noyapieseee 6.9 ome rres : 
a Sas z 7.5 |i Lowest 7.8 
i ae is 6.9 || Lowest....- 8.1 Average.._- 6.97 
Nov. 12______- 7. 6.3 Average..--| 7.11 a 
Dee, 30_--...- [PF 75 : ees 
6.5 1910: 
ded 1904: 
Lowest. -_--_- 7.8 79 May 1 6.9 Vale eee ee 6.6 
Average....| 7.22 : 73 fale 16 16... 6.8 Feb. 24, 27____| 5.8 
if pte ee : Mar. 11, 12...-| 6.4 
is A 6.8 Aug: 13.1222 7.1 
1869: 7 ADF le. ee 6.7 
INDVE.3; 422-55 7.4 Seppe. Lie 7.2 
a 7.8 Dew'3 | 73 Oct. 9 7g. |. Maylle-souce 7.5 
tee) | ee ac | Re] | Be 
ar. 27, 29... Q Ham Rie ewadl|| eee Aster sce 3 ty 6255 6. 
Apr. 26__.---- 7.3 yaw ests === : Ws Dec. 29...-.-. 7.6 ‘Aug oo eee 6.4 
May 27..___-- 6.8 seco ee Dartet 7.6 Sept. 22, 23...| 6.0 
Fun: 24 92s = 6.6 1874: | Merton ia erent Oct. 20 6.6 
July 12, 13....|. 6.9 ans 185s 2 TA Rel oa=|h a Nov. 17.- 7.0 
ATP ON On ss) Tee Heb; 18, 19-=..|° 7:8 Dec. 16 75 
Sept. 7. re acter A) Mar. 21_..-__- 7.6 1905: 
LOG Sih eee Ge Apr 19. es 7.6 Jayco le 7.5 
INOVsosss = (Et May 15, 16, 17. 7.0 Mary 2305+ = ‘da 6. 68 
Weg: Tare os hed June) 14==- 22-2 7.0 ADT 20 ess 3--e ids 
‘ithe ewe at 6.4 Miay 19i= 2222 ie 
Lowest. ---- | 8.4 Aug. 28,29....| 6.5 Abbe jal ya oe ee We 6.7 
Average.-.-., 7.43 Sapte 27222 -2c2 6.7 Aedes le a 6. 6.1 
Oct: 26 ase nee St Aug. 4.2 ee 6. TY 
1870: INOVAe4 2.222 I 46 Sept. 30_._-..- 6. 7 0 
Jan wee se se 7.0 Dees: 25.- 222. Pia Me wy OCb 28. 2 (6 6.9 
AG ee 7.0 || NOV. 2/aeceane if 70 
Wu hy.) ee 6.9 Lowest. .--- 85 ly Deen 202s 44. ae 70 
ANDY. ues === | 7.3 Average__-.| 7.17 || ZY 
MayilGss =. i 3 1875: ne Lowest_..--| 7 6.3 
aJunei4) 152.) 7.1 || | Average._.-- 7. : 
Cane eons Ae 6.5 
ema | ae ak A | 6.7 
iC ; Mar. (22sec ai” t.2 1906: 7.3 
Bebt : 27... o8 ADRS Os 2S2ooe | 7.7 Fans 24s eG 7.2 : 
psvaritl -j 79 May 6, 8.----- Tok: ee Hebilae sees 7.4 Lowest.....| 7.3 
| 76 June 4, 5._----| tao. {Mars 132-2 7.8 Average...-| 6.81 
g feed eee: | es ae 5 eee a ae 
gi eee ere or ayo lic ee 9 || 
7.9 Sept. 18.......| 6.4 June 8, 9.__-.- 7.9 || Monthly aver- 
7.16 | Oct. 17 7.4 || July6 7.3 ages for entire 
leave 20 seees 7.0 Aig Aa es 7.5 o TAntae 717 
7.4 Decuria seeees Tal Sent aes 7.5 || Fete iron 
6.9 || Nowe 1790 ellen 7a ton| Marche calls a 30 
6.7 Lowest..-..- Houa7. 7). | « aaa 712 
6.8 || Average_._..| 7.11 | Lowest ..--- 7.9. || a See 702 
72 |) ig76: Average... -- 7.41 || eric meena 6.92 
2" || > Jan. 11 7.5 (narul 6. 93 
cn Feb. 2........| 7.1 || 1908: Aavaatlae educa 
62 | Aoras | be |) Apa) 9 | October) 698 
6.9 May 25....... [Sea SN Ny gee 6.8 | November_-| 7.08 
6. 6 June 235 22---- Zea HW ¢UUNE WL ecsccos 7.5 || December-.-.| 7.18 
: wuly oo. 7O0Nl) Joly toe: 7.0 || 
Lowest.....| 7.4 Aug. 20;215. 3.) -6.5> ||) “Auge 13.222 <- 71 |i Average for 
Average__..| 6.90 Septst722- =. 6.1 || Sept. 8, 11--.-. 6.2 || series__.... 7.04 
! \ 


Lowest tide of these observations was 8.4 feet below the sea-level datum and occurred Feb. 27, 1869. 
The heights in the above table are referred to the sea-level datum defined on p. 41. 
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TABLE 7.—Mean tide level on original tide scale, Boston Navy Yard 


Mean | Mean | Mean | Mean 
Year tide Year tide | Year tide |, Year 
| level | level | level | level 
| {| | 
| | | 
Feet | Feet || Feet || Feet 
IR47 Moo a4 QOF24) || 1857422 Fee 20; 20) || 1867), 422 ce 20.14 || 1902 12---- So 2-o = 20. 25 
ASa8 ease. ean 2ON24) | MSb88 ote ae 20;08 || 18682222 so 19.91 |; 1903 1__--___.__-- 20. 22° 
eee 20: 23) || 1850 eae 20; 06:;|| (IS6022 ssa eee 20.,03'|) 1904)20 2 ee eeeees 20. 03: 
LBD en onan os 2020 | AS60SS 2 Peewee 20:04 | 18702ES2 2s oa 20..23'|| 1905) 1222225222228 19. 98- 
pt) ee 20520) || 18612 -- -2 -=--2=- 20\-12) || 18 7c ee 20, 02' || 1906422. 2222 easee 19. 95: 
S522 one oo 20!:25;\|) 186222.22.----=-| 20:14 || IS7 2324. oe. sae 20. 02 || 1907 #22. -23- Safes 
12G6 Se Ee aA eee 20/26" || 18632- 222... 2-2-2 | @20n12: HLS see = eee ee 20.14 || 1908 1255L eee 19. 95 
18b4 55. 22222 Ls 2 205 10);||; 1864-5 = 23. = 2222 } » 20108: |] 1874 = = eee 20.00 || 1900 i =eeeeee eae 20. 
) CGE eee 20"99 NASH eee 20, 12|) 1Si6s-- see See 20:04 || 1910/3222 seo 20. 28- 
18565.-.2-222=-=. 20/28 '||'-1866:1_.--------= 20.106|| 187622222. <= ees 20.:16"|| 19112282 20. 06- 
_—$—$—$———— ——— || _——— —— 
Mean----- 20. 22 Mean.---| 20.10 Mean.-.--| 20.07 Mean----- 20. 09: 


1 Records for year incomplete; see note 1, Table 2, p. 50. 


Mean tide level from entire series is 20.12 feet on original tide scale. 
Above table is derived from the mean high and low water heights given in Table 2. 


TasBLe 8.—Mean tide level referred to sea-level datum, Boston Navy Yard 


| 
Mean |) Mean | Mean Mean 
Year tide || © Year tide Year | tide }j Year tide 
level level level level 
2 | Pease | 
| 
Feet Feet | Feet | Feet 
2 OS06) | USOT = 2 =e 0::02))| 1867-2 ae | —0..04 || 1902 1____-_---=2 0. 07 
Ty ee ROSY |W SH8a ees Sees == 510) || 186 Bee | =.27)|) 19033222 eee 04 
(Caer eee 06 || 1859_. 222 22d82 =; 12; |) ARGO Se <2. sa —.15 || 1904 1... -03c ees —.15 
TS OMe ed al 102i|| IS60 22a et =) 14 WIS 70ns 2: eee 05 || 1905 1-2. eee —.20 
ihc eee eee 2 02 Wel SOlo= see se ae, =306) ||) 18%dlese 2 ese —. 16 || 1906422 -Seeeeeee —.23 
1652s 2.52.5--5-2 AU WaPo ees ==1()4||(n1S7 2a enon een eae —.16 || 1907 1.2.2.2 eee 
ERGS =o See e52 2c . 08 | 1863022 Se eae —.06: || 18iSes2s ose2 Seo —.104 || 190812 eae eeeee —.23 
ih Se aes —=7108°||" 18642 2522-22 2222 —.10 | ts 7 See a eer —18 || 1900 t222_eeee —.13 
Sob See ooo e . 04 | AS65252 Sea 06 |) 18725228. 22 25-- —.14 |) 1910 12227 ee 10: 
1S 5GME ree .10 | ifs tate ee eee SON ny (eae toe = 102))|| 1011 eae —.12 
————_| | —— 
Mean..--_- . 04 || Mean.-_--| —.08 | Mean.---| —.11 Mean-.---- —.09 


1 Records for year incomplete; see note 1, Table 2, p. 50. 


Mean tide level from entire series is 0.06 feet below sea-level datum. 
Above table is derived by referring the values in Table 7 to the sea-level datum defined on p. 41. 


TaB LE 9.—High-water lunitidal interval, Commonwealth Pier No. 5 


Month | 1921 1922 | 1923 1924 1925 | 1926 | Mean 
. | ewer * | A: | 
| Hours | Hours | Hours | Hours | Hours | Hours | Hours 
11. 29 11. 24 11. 26 11. 24 11. 25 11. 26 


11530) 11.277). 11.21)) O30" ae 11.27 
11.27 | 11.26) 11.21) 11.28; 11.28 11. 26 
11.27 | 11.32| 11.21] 11.33} 11.28 11. 28. 
11.28 | 11.26, 11.31] 11.26} 11.27 11. 28 
11.29 | 11.36} 11.29] 11.30} 11.27 11.30: 
11.38 | 11.44, 11.35) 11.25/ 11.30 11. 34 
11.31 | 11.39) 11.34] 11.381] 11.31 11. 33 
11.35] 11.35 11.28] 11.35] 1132 11.32 


OPEC] ea CI OF Sa a oa Se a | 11.32] 11.31 | 11.29] 11.24] 11.31] 1181] 1130 
ipyeribpree seat h so. 52 1 Ue | 11.38 | 11.27] 11.22] 3824] 11096) 226 eae 
Mupopniben 2S se Soe eee) | 11.37] 11.30] 11.25] 11.21] 11.30| 11.28] 11.28 


IMGANaseseres oostevo es ences ETS | 11. 33 | 11.30] 11.30) 11.26; 11.29); 11.28 11. 29 


Se 
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TABLE 10.—Low-water lunitidal interval, Commonwealth Pier No. 6 


57 


Month 1921 1922 1923 

Hours | Hours | Hours 

JU TES oe See ee ee ee a 5. 06 5. 01 
Sain ist Re SS Se ee Se ee Se ee 5. 05 5. 01 
“PEDO Se Wo, SSE Ee ea Se ra TT Pee ae 5. 04 5. 02 
OSTA ae SSE Sel ESS Ae e/a 5. 03 4.99 
1. Meads cot pede SE ee a ee ee Ee eee 5. 03 5. 03 
JU TGR tt 3S Ee ee ee eee ee eee eee 5. 04 5. 06 
OTIS pee te eee ee eS eee ors ene 5.14 5.16 
SOREL. UF a es Saar y 9 5.04] 5.04] 5.10 
September | 6.03 5. 08 5.11 
@erabers_s_< -.. .-. 5. 07 5. 09 5. 06 
November 5.11 5. 07 5. 03 
CVD ERD 200 2 58 et ES a ee eS 5. 06 5. 07 5. 01 
VEG ATImee rere SR sk a 5. 06 5. 06 5. 05 


1924 


1925 


Hours 
5. 03 


gr | oron gn gn rong on nen 
So 
Oo 


oS 
_ 


RESRESSSRE 


4.98 


gr | grgn gn gn cen en 
oo 
no 


olo 
nN 


SSRRe 


gr] greg gr gg oT 
ooo o 


c— i a) 
r< 


TaBLeE 11.—Duration of rise of tide, Commonwealth Pier No. 5 


Month 1921 1922 1923 1924 1925 1926 Mean 

Hours | Hours | Hours | Hours | Hours 
6. 23 6. 25 6. 21 6. 28 6. 24 
6. 26 6. 23 6. 27 6. 26 6. 25 
6. 24 6. 27 6. 25 6. 26 6. 25 
6.33 6. 25 6. 29 6. 26 6. 27 
6. 23 6. 27 6. 26 6. 29 6. 26 
6. 30 6. 25 6. 27° 6. 27 6. 27 
6. 28 6. 28 6. 19 6. 28 6. 25 
6. 29 6. 28 6. 27 6. 27 6. 27 
6. 24 6, 28 6. 30 6. 28 6. 27 
6. 23 6. 25 6. 23 6, 27 6. 24 
6.19 6, 23 6. 25 6. 23 6. 23 
6. 24 6. 26 6. 26 6. 25 6. 26 
6. 25 | 6. 26 6. 25 6. 27 6. 25 

TaBLE 12.—Mean high water on tide staff, Commonwealth Pier No. 5 
Month 1921 1922 1923 1924 1925 1926 Mean 
| 
Feet Feet Feet Feet Feet | Feet Feet 

ACT NT ie 2 Lat Be ee es Se ne eae 12. 44 12. 74 12, 47 12. 63 12. 37 12. 53 
LR ELA THT ee Spe eee pel oS oa pe 12. 57 12. 69 12. 88 12, 57 12.93 | 12.738 
ITC a EO ee, ee eee 12. 72 12.79 13. 21 12. 47 12. 51 12. 74 
PASESTitA ee ere ee de BN ed 12. 81 12. 89 12. 93 12.62 | 12.65 12. 78 
OS a sec eee ee A ES ee 12. 76 12. 87 12. 93 12. 69 12. 70 12.79 
APPL G iS oS) I ee ee ee cere cs 2 Pe 12. 94 12. 94 12. 83 PARES IPR (i) 12. 85 
RL SEs LO ES oe ee i Speen | eeepeneeee el 12. 97 12. 80 12. 75 12.83 | 12.85 12. 84 
PAH OLIN ae ee eae ee ee 12. 78 12. 98 12. 75 12. 83 12. 85 12. 96 12. 86 
‘SHC GTC) oft) ee Et Se RS ee eee ee 12.91 12. 92 12. 65 12. 94 12. 88 12. 79 12. 85 
COVGRT OGG BAe ES at ee Ae See oe ae ees Se 12. 89 12.91 12. 73 12. 86 12. 81 12. 78 12. 83 
TEND) $2) a ee ee 12. 99 12. 89 12. 93 12. 80 12. 66 12. 50 12. 80 
MBCORIDOR Stee eer yee ee ae 12.71 12. 68 12. 73 12. 53 12. 66 | 12. 62 12. 66 
Tana eee RE Se J ee ee 12. 86 12. 80 12.79 12. 83 12.70 12. 70 12.77 


The above heights are referred to the tide staff installed in September, 1922, the zero of which is 21.45 feet 


‘below bench mark 7. 
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TABLE 13.—Mean high water above sea-level datum, Commonwealth Pier No. & 


Month 1921 


Feet 

VanuaTryse2-2-— BL i 
February. 
March cee 5S DS gL 6 Ree Eee eee Se 
Aprile 2a Abs Bee De Ae a eB ee 
Mia yar Pei ote A SN NE a A eee 
PUTO Se tees SS Sie 2 OR Ab OE Sn S| ee 
yan eee Ae a ee See ee A ee 
PANIES Lote as sei) JAN Fe DR 
Heptem bers 5. = ese se ee Se ae | 
Octoberssee2. {falas ees Sics ie ae ae | 4.74 
November s22 is fol eee a a Se | 4.84 
Decompberse22s. 8.22 ke he SD a ae ee | 4. 56 

Miganic.s25 5-2) 4): Cea ee | 4.71 


1922 


1923 1924 1925 1926 | Mean 

Feet Feet Feet Feet Feet 
4, 59 4. 32 4. 48 4, 22 4.38 
4. 54 4.73 4. 42 4.78 4. 58 
4. 64 5. 06 4, 32 4. 36 4, 59 
4. 74 4.78 4.47 4. 50 4. 63. 
4.72 4.78 4, 54 4. 55 4, 64 
4.79 4. 68 4. 63 4.61 4.70 
4. 65 4. 60 4. 68 4.70 4. 69 
4. 60 4. 68 4.70 4. 81 4,71 
4. 50 4.79 4.73 4. 64 4.70 
4. 58 4.71 4. 66 4. 63 4. 68 
4.78 4.65 4.51 4. 35 4.65 
4. 58 4. 38 4. 51 4.47 4.51 
4. 64 4. 68 4.55 4.55 4. 62 


Above table is derived by referring the values in Table 12 to the sea-level datum defined on p. 41. 


TABLE 14.—Mean low water on tide staff, Commonwealth Pier No. & 


Month 1921 1922 1923 1924 
Feet Feet Feet Feet 

Jantlaryes 60-2 5.3 5 ee ee | 2.79 | 3.28 2. 81 
Mebruary= core eee eee ae SE 8 | 2.84 3.01 3. 11 
March testi 222 ie i aes eee Re eee eee 3. 01 2. 88 3. 45 
LX} 0) 9h ORE et Pees Cesar: Sie ie 8 OE ay Ee ae | eS 3. 12 3. 00 3. 18 
19 ee TO NS Bear Ge = See OO Eons aes | reir 3.12} 3.02 3. 32 
Juanes eee ee ee ee ee Bee Oe ee eae hi 3.21 | 3.26 3. 27 
Ul yao oes ot Re eee a Ce Se Ale 3.16 | 3.08 3.19 
PRUPUSE ee) ca ee es ee 8. he ee 3.05 3.16 | 3.08 320i 
Neptembor® - 2:5 Se _  eee 8 ee a 3.18 3. 20 3. 08 3.02 
October ees.) G58 See ES eee 3.15 3.31} 3.21 3.19 
INOVOMDGR= <2 22s ness eae = ee ee ae 3. 42 3.35 | 3.36 3. 08 
IDecomberse=.- 270. ieee 2 5 SOSA tae 3. 25 3.14 3. 11 2. 74 

IMC Tiesto eens nee omer oon rer Ome See ae Ie Osods| Perse) 2a lord 3. 14 


ro) 
& 


S 
& 
~ 


Reb eee he 000H 


ele 
Ll 


1926 | Mean 

Feet Feet 
2.95 2.99 
3. 28 3. 02 
2. 87 3. 02 
3. 04 3. 09 
3.19 3.18 
3. 11 3. 20 
3.15 3.14 
3. 22 3.15 
3. 28 3. 16 
3. 50 3. 25. 
3.19 3. 26 
3. 35 3.13 
3.18 stess 


The above heights are referred to the tide staff installed in September, 1922, the zero of which is 21.45 feet 


below bench mark 7. 


TABLE 15.—Mean low water below sea-level datum, Commonwealth Pier No. 5 


Month 1921 


_ 1922 | 1923 
Feet Feet Feet 
SANUALY Pecos sc oe eee Pe a ee 1 ee ele 5.°36 4. 87 
Web ruary 2% 2222 Sie Sa ae ee ne yg a | ee 5.31 5.14 
March 2 p<) Se Ne eae Gee oe ae | ae 5.14] 5.27 
ADM 3 2 sis ee Ve i aed pee YS 5.03 5.15 
(Maya i 2-9 22 ood fe ae Tee eae yl er lia 5. 03 5.13 
SUNG! sae Seb ao ee he og iar ee ae 4.94 4.89 
SLY ig 5 hye = BIRD OTe ates sah eG ed 4.99 5.07 
PATISTISG seen 02 tne hie wae Uk OUR ane: ena 5.10 4,99 5. 07 
Septenwber ne. 2252123 Soe eee | 4,97 4.95 5. 07 
Octabers ae hoon soe eee tt Bh pees 5. 00 4, 84 4.94 
INovember {2522 6 in) SR ie Ae 4.73 4.80 4.79 
December sae 25 Jo. ee a Se Ue le 4.90 5.01 | 5.04 
| 
IY: VES ae ee ed SEES RN ee | 4,94 5.03 | 5.04 


1924 | 1925 


Feet Feet 
5. 34 5.05 
5, 04 5.31 
4.70 5. 28 
4.97 5. 02 
4.83 4.90 
4.88 4.98 
4.96 5. 01 
4. 88 5. 03 
5.13 4.92 
4.96 5. 00 
5. 07 5. 01 
5. 41 4.96 
5. 01 5. 04 


1926 


F 


a 


PP PR coe Crom on 
S| SSSVSSeSeRerwsr 


Mean 


Feet 
5.16 
§.13 
5.13 
5. 06 
4.97 
4,95 
01 


5. 

5. 00 
4.99 
4.90 
4.89 
5. 02 
5 


. O2 


Above table is derived by referring the values in Table 14 to the sea-level datum defined on p. 41. 
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TaBLE 16.—Mean range of tide, Commonwealth Pier No. 5 


Month | 1921 1922 | 1923 | 1924 | 1925 1926 | Mean 
| H 


9. 89 9.75 9. 49 9. 61 9. 69 
9. 85 9.61 | 9.44 9. 51 9. 61 
9. 68 9. 56 9. 61 9. 65 9. 65 
9. 72 9. 56 9. 69 9. 70 9. 70 
9. 67 9. 56 9. 73 9. 74 9.71 
9. 57 9. 92 9. 65 9. 51 9. 68 
9. 52 9. 67 9. 66 9. 28 9. 58 
9. 57 9.72 | 9.52 9.31 9. 54 
9. 62 9.79 9. 47 9. 27 9. 53 


9.68| 9.69! 9.59| 9.52 9.64 


| 


Values in above table are differences between the mean high and low waters for each month as obtained 
directly from the observations. For mean range corrected for longitude of moon’s node, see following table. 


TaBLE 17.—Mean range corrected for longitude of moon’s node, Commonwealth 


Pier No. & 
Month 1921 1922 | 1923 1924 1925 | 1926 Mean 
| | 
| Feet Feet | Feet Feet | Feet | Feet Feet 
ST REITIAY Yee ee ino Soe tae SS ed SSS [avcaseme| 9. 36 9.18 9.47 9.34) 9.33 9. 34 
UPON pa Se eo Es ea | 9.44) 9.89) 9.57) 9.54) 9.55 9. 50 
ODAC Oe ee rp a ee ane re ee ge 9. 42 9. 61 9. 56 9.41 9.54 9. 51 
Pare ete 22> 2 Reet aha Moshe biisslisteeoe ns 9.40 | 9.59 9. 56 9. 30 9. 51 9. 47 
BV sono se se ano Soe Se sedeeccsccsesseSessscee |-------5 9.35 | 9. 59 9. 42 9.25) 9.41 9. 40 
ETD a een ee vue Lot Saas ee ees ae eee 2 ere 9.44 9.39 9. 37 9.42 | 9.55 9. 43 
Reh y mer eengs 228k =. VE SE ab tS Sue ees See | 9.62 9. 43 9. 37 9. 50 9. 60 9. 48 
J CEPTS 25 Se eee ee ae nee a 9. 44 9.53 | 9.38 9.37 9.54 | 9.64 9. 48 
i aS OE Ss Sere 9.44) 9.43| 9.28) 9.72! 946) 9.41 9. 46 
PORTA Reema? eames ee ee ee AL ee ee 9.45 9.31 9. 23 9. 48 9. 47 9.19 9.35 
OMGINIUR ee oe ae ance nt one we oe ee 9.28 | 9.25) 9.28 9. 53 9. 33 9, 22 9.31 
Wegem Peres. H42225.2.06226a25 255 ocee cee. 9.18 9, 25 9. 33 9. 59 9. 28 9.18 9. 30 
VIR Tee tee Oe eee ee eee 9. 36 9.39 | 9.39 9. 50 9. 40 9. 43 9. 42 
} | 


The above table is derived from Table 16 by applying factors depending upon the longitude of the moon’s 
node. See p. 12. 
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TABLE 18.—Monthly extreme high water above sea-level datum, Commonwealth 


Pier No. 5 
Date Height Date Height Date Height Date Height 
“1921: Feet || 1923: Feet || 1925: Feet || 1926: Feet 
TAVIE (SARs 6.7 Jo) ty SUN wins 722 || ans 25,20sros1 Oks Nov.10. 22222 7.0 
Sopta2ses soo 6.5 1 ie Re a, 6.9 Feb. 23, 25----| 6.4 Dec liso 
Oct 30.2222 6.9 June 22 sees 6.9 | Mar. 25, 28... 5.5 
INOW 20on 22-2. 18 July{255252 00" 6:31) 2 Apr lo eee 6.3 Highest_....| 7.8 
Mec, 142s." 6.6 ape a, 14 1620 paey Mi Sse oA Average....| 6.73 
. ept 1S 2-- 2 =. 6.1 np, 0 sa eees . 
eehes cama : By Octizaes 6.5 Tis) Sees 6.8 || Monthly aver- 
1929: iGemas : INOW Sees e 7.0 ANIAGs 7222228 6.7 ages for entire 
anit 6.4 DecrG waar w2 Septysssaesees 6.7 series: 
Rahsigeas) 6 6.7 Highest 7.2 Octs 5; 252se22 6.2 January.---| 6.76 
Mar. 16a 6.9 Average___- 6.73 | Nov. 16_------ 6.9 February---| 7. 04 
Ape desi... 7.5 || 1924: Wee eae oe we ye pe 
May ll__-_-_- 6.7 Tans 3222 ee 6.7 | ‘oh pril. . 6. 
June 8, 9 6.4 Feb. 6 7.3 Highest... 7.0 May.- 6. 58 
July 24222027 65 || Mari...) 68 || Average... 6.51) June... 6.70 
‘Aug. 25-.._._- 6.5 Apr..20. 22... 8:3:0|haogn ay sec ae 
Sept. 22, 24...] 7.1 May 222.2222 6.8 eT 7.3 Se ted 6.57 
Oct. 21, 22, 23_| 6.6 June 16_____-- 6.9 ee a 73 Oct cages Ro 
Nov. 20...---- 7 JulyaS. $-8k 7.2 aC EZ) Gad ee it pends a i 
Dec. 17 6.5 ‘Aug. 14 65 Mar 13, 142-2) (Oa November.-| 7.15 
eae Ley ae Se t A ee 63 V.XF0) gay KG oe 6.2 || December-_ 6. 62 
Fighest.-- 2] 755 ll “Gepvogea ea gy May 10.------ 6.3 || 
Average...-| 6.74 NG yO ee ZY June 26. .--=-- 6.3 || Average 
a Ae = Spano 6.8 july 24, 25, 27_ oe for series} 6.73 
an: 1bss22e2 23 6. ia a So, z Ug, 2022.32 22 C 
Heb: 322.222 7.0 Highest_--_-_- 7.3 Sept. 20, 21, 22_ 6.7 
ihig (pee 7.0 Average...-| 6.86 Octs20- 22222 7.3 


Highest tide of these observations was 7.8 feet above the sea-level datum and occurred on Noy. 29, 1921 
and on Feb. 10, 1926. 
The heights in the above table are referred to the sea-level datum defined on p. 41. 


TaBLeE 19.—Monthly extreme low water below sea-level datum, Commonwealth 


Pier No. 5 
Date Height Date Height |, Date Height Date ‘Height 
| 
1921: Feet 1923: Feet 1925 Feet 1926 Feet 
Aug. 4,5, G22--|)) May ADE sos ~ seen os 8.2 CET Pe oe 7.4 Nov.202= ee 6.8 
Bepts2se 22 (al Mstya2 roses tee Hebe 22. eee 7.6 Dee. 19-2222. 6.9 
Oct 222s 6.8 JUnCW sa -seso (hil Mars 23 Senne vp 
IN OV oplb Seon 6.2 ARbihalL r/o 6.6 Apr: 10, 13226 6.4 Lowest ----- 7.5 
Dec. 16, 18,19.) 6.9 ee ie Ee Gel ay 1) (fei Average..-.| 7.04 
(3) 0) ee OAS 6.9 UNC Se eeeees 6.9 
eee ea) Vieeoal|- (Outadinee wm 7.2. eal tee 7.3. || Monthly aver- 
as Sm x INOW. Oona 7.0 PN oe ee 7.4 ages for en- 
ean + 7.9 || Dee: 8 9------ 7.4 Sepisons aan 6.7 : tire series: 
Feb. 13-------| 81 || Lowest... 82 | Nov zw] 7 || Febrasyocc| 730 
Mar. 13._.._.- 7.2 || Average... 7.10 |! Dec. 17, 18-_-.| 6.9 March.......-| 7.08 
Apr. 13--.--.- 6.9 || 1924: April. -.--.25) «97s 
May 10-__...-- 6.8 UT eae Zed 7.6 May re 710 
Tie 260s eee 6.4 Feb. 23.-----_| 6.7 7:06 June.. ae 6. 86 
til y 26s.0. sn 6.8 Mar. 23, 24_..) 6.5 | ‘July soe oem 6. 94 
Aug. 24....... 71 || Apr. 20.-._.-- a1 ‘August..-..-.| 6.87 
Sept. 23___.-.. 6.7 May 20--.--2- be | September..-_| 6.82 
Ochnig samen 7.3 June Lis sea- 22] Tol 7.5 || “Octoberteaaaialnuan 
Nov. 18,19....| 6.7 || July 16------_- 6.9 7.4 | November..-.| 6.95 
71 Alig 15s es | 6.5 7.3 || Decembersnull.: yan 
81 Sept. 12,13.__| 6.6 7.3 eas : 
le | 
7.08 mee ee a 6.6 | 6.7 Average for 
Ov. 26, 27... 7.6 6.8 series 06 
Weei2642532-5 SoLey 7.1 | eee 
ee Lowest.....| 8.1 Hy f | 
7. 3 Average.__.| 7.06 6. 8 


Lowest tide of these observations was 8.2 feet below the sea-level datum and occurred on Apr. 3, 1923. 
The heights in the above table are referred to sea-level datum defined on p. 41. 
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TABLE 20.—Mean tide level on tide staff, Commonwealth Pier No. 6 


Month 1921 1922 1923 1924 1925 1926 | Mean 
| 
Feet Feet Feet Feet Feet Feet Feet 
USP TEY IDI 2 =e oO (0 7. 62 8.01 7. 64 7. 86 7. 66 7. 76 
LOD TAUITER TS Aa = A P(e) 7.70 7.85 8. 00 7.70 8.10 7. 87 
ATO ee eee ee STE. Sein se Se ak Se ee ces = | I ee 7. 86 7. 83 8.33 | 7.67 7. 69 | 7. 88 
DH noe t aoe GEE ee a eens eee ae 7. 96 7. 94 8.06 | 7.88) 7.85 | 7.94 
OM aSceoe oe Se || 7.94 7.94 8.12 7.97 7. 94 7. 98 
IO cede eee ee PRES ihe eee 8. 08 8.10 8.05 7. 98 7.94 8. 03 
TTR 2 ee ered (eee eee 8. 06 7.94 | 7.97 7. 98 8. 00 7.99 
TETIN GR oe eee ae 7. 92 8. 07 7.92 | 8.05| 7.98 8.09 | 8.00 
(Si PUIG Se 5 Serra ee ea 8. 04 8. 06 7. 86 7. 98 8. 06 8. 04 8.01 
OF ea ee eee! 8.02 8.11 7.97 | 8.02 7.98 | 8.14 8. 04 
Wiaueret pneeress ees se 28 sc necks cbee 8. 20 8.12 8.15) 7.94) 7.90 7. 84 8.02 
LOCATE EG). a) a 7. 98 7.91 7.92 | 7.63 | 7.92] 7.98 7, 89 
WDE eo ee ee ee et 8.03 7. 96 TROON AOS arte OE 7.94 7. 95 
| | 


The above heights are referred to the tide staff installed in September, 1922, the zero of which is 21.45 feet 
below bench mark 7. 


TABLE 21.—Mean tide level referred to sea-level datum, Commonwealth Pier No. 5 


| | 
Month 1921 1922 1923 1924 1925 1926 | Mean 
| 
| | 
| Feet | Feet | Feet | Feet | Feet | Feet | Feet 
DML ie? 4a eee aes ee ae ee a —0.53 | —0.14 | —0.51 | —0.29 | —0.49 | —0.39 
TP EA eee ae ee eS ee == ai 40 0) nO) yume LO —.45) —.05| —.28 
Te LETS i rE se a es eed —.29); —.382| +.18| —.48| —.46) —.27 
aif soe ee eR ee ea | —.19 —.21 —.09 —.27 —.30| —.21 
IMIS sec eel eS ee es eee | —.21 —.21 —.03 —.18| —.21); —.17 
JT Seon Be Oe ee eee ee See ee es —.07 —.05 = LO —.17 —.21 —.12 
TTI = 2s BS Ue, ae a i ent Med (Ie eran —.09| —.21) —.18] —.17| —.15| —.16 
ANTES Fe Sa SS ee ee a —0.23 | —.08 —. 23 —.10 —.17 —.06;| —.15 
[STSCI OG) alee es Ee eS —.11 —.09; —.29); —.17) -—.09) -—.11; —.14 
SCARCE SLA = coh = a eg —.13 —.04 —.18 —.13 —.17 -.01; — 11 
JOT EA TELEM 212 ee OS ae a +.05 | —.03 00; —.21| —.25) —.31 | —.13 
RICCOMT ECL mere ese re eae. Joe ee See —.17 Sars! —. 23 =.62| —.23 | —.17 | c=.26 
IIE Sl SS SS Een a a —.12| —.19| —.20} —.17| —.24]/ —.21| —.20 
Above table is derived by referring the values in Table 20 to the sea-level datum defined on p. 41. 
TABLE 22.—Mean sea level on tide staff, Commonwealth Pier No. 5 
Month 1921 | 1922 1923 1924 1925 1926 | Mean 
| 
Feet | Feet Feet Feet Feet Feet | Feet 
USTISU a dee a a eS | 7.76 8.14 7.75 7.97 darks 7. 88 
HM ES one ae ee ee earners | 7.85 7. 96 8.11 7.82 | 8.22 | 7.99 
Rule i eee eee eee ee ee | 8.02 7. 96 8. 44 CAA ei 8. 00 
{sia cee a ee ee eee eens Hy gsi lal 8.11 8.18 8.01 | 7.97 8. 08 
BSW a ha Wt CeO Ae eo ae ee ose, | 8.09 8. 09 8. 26 8.10 8. 07 8.12 
INERT eee ee ES a te age (ee | 8.20 8. 23 8.19 8.11 8.07 | 8.16 
IMT. tf es Oe Sess 8. 22 8. 06 8. 08 8.11 8.14 | 8.12 
UTR oo a oe See rr | 8.05 8. 21 8. 02 8.17 8.11 8. 23 | 8.13 
Sith iret o(eye oe Sal SN eee 8.17) 818 7. 98 8.12 8.18 8.15 | 8.13 
(OYE VE ofa hy es = Se | 48n,13 8. 22 8.10 8.13 8. 09 8. 25 | 8.15 
MOG GD oii oS Se ee 8. 29 8. 22 8. 26 8. 06 8.01 | 7.96 | 8.13 
LOTT Get [OES Sh a ee A ee oe ree 8.10 8. 03 8. 04 7.74 8.01) 8.09 | 8.00 
WUGH TE A ie Se ESS ee senate 8.15 8. 09 8. 08 8.10 8.03 | 8.06 8.07 


The above heights are referred to the tide staff installed in September, 1922, the zero of which is 21.46 feet 
below bench mark 7. 
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TABLE 23.—Mean sea level referred to sea-level datum, Commonwealth Pier No. 6 


| | | 
Month | 1921 | 1922 | 1923 1924 1925 1926 | Mean 

| 

| Feet | Feet | Feet | Feet | Feet | Feet | Feet 
JRYUVATY See ae eee | ee 2 Sy ee a eee | —0.39 | —0.01 | —0.40 | —0.18 | —0.38 | —0.27 
February —.19) —.04| —.33 | +.07 —.16 
Wiarton 2 ther: Sore Sais ses on ees 8 ek See —.19 |} +.29| —.86| —.384 —.15 
AND Tee She SE ee ae eee SE eB eee | =. 04 +. 03 —.14 —.18 —.07 
Ney ee A on ea et © So os Pe —.06| +.11 —.05 —.08 —.03 
TUNG Re Fae bes A YE ee Ee ee |; +.08} +.04] —.04} —.08 +.01 
Joly 2... eee | —=,:09. ||). =, O7s'|/0 sa) ene em 
August si22 22 | alg +.02; —.04/ +.08 —.02 
September | Teal FOS i eres - 00 —.02 
October | —.05| —.02|} —.06| +.10 00 
November 07 |. +.11 —.09| —.14|) —.19 —.02 
Maconiberet aa. sete 2 ee ee | —.12| —,11 | =A — ae —.15 

| } 

Mean | —.06 | =.07)) —.05.) —.d 20g —=.08 
| 


Above table is derived by referring the values in Table 22 to the sea-level datum defined on p. 41. 


TaBLE 24.—Difference between mean sea level and mean tide level, Commonwealth 
Pier No. 5 


Month | 1921 1922 1923 1924 1925 1926 | Mean 


Denttarys 2222 ee ba ne oS ees ee ee 0.14=; _ 0.13 0.11 0: 115| Sorts 0. 12 
Tur she) bi ee ay oie CE ED A 2a eee 15 ait 11 Rie 512 12 
JNEUCH RG] i OS Aa ane PS eR ea oh ress et 16 =,i3! 1l 12 wae 13 
PATrorril meee ae 7S Tes Ee. re ar Aa 15 17 12 13 12 14 
IN Eg ROP RE BG eRe DR Cate ere ele [sot a 15 15 14 13 “43 14 
BEIT O Maen ten eh aS oR ea eS aed eeneeces 12 .13 14 OE 13 213 
Tethys PE ee BAU ae Yee ee oe .16 2 11 w13 14 13 
NCES teers ie aE AOR. a oe ee leROMds 14 10 | 12 .13 14 13 
Sppitemibers ween se. Mim Ate Aes 1 iS iors 12 112 14 12 sill 12 
Getebor nee aes 25 Now Ei She Be eS ee he eshte ipl saa | 11 11 11 11 
INovomperse sealer Dee i 09 10 11 12 11 Bal aul 
ID \are%cyaell oye age at er epee aan Se) 12 wb2M 12 | 11 09 Sal 1l 
| ™ 
Vicari eens Stuer Mh tan eee eee | 9? gab: 14 13 | 12 Sb: aie: ee 
| 5 


The above table was prepared by subtracting the mean tide level as computed from the high andlow 
waters for each month from the mean sea level as computed from the hourly heights for the corresponding 
month. 


TABLE 25.—Summary of time relations, Boston Navy Yard and Commonwealth 
Pier No. 6 


Commonwealth 
Navy yard Pier No. 5 
Hours Hours 
Mean‘hich-water lunitidal'interval 22.9 222-22 2222 ee 11. 44 11. 29 
Meanlow-water lunitidal interval. = 22-5) Se eee 5. 23 5. 04 
Nloean rise:interval 2 soe wes oe I ee Pe a 8.34 8.17 
Tropic highenhigh-water, interval. = 23--_ 2_5522.229. BR eek 11. 36a 11.17a 
Tropic lower high-water interval. 22°25 ee eee 11. 58b 11. 40b 
Tropic higherlow-=water interval. 262 ee ee 5. 15a 4.90a 
Tropic‘lower low-water interyal=!.-2— "2 2st eee 5. 46D | 5. 20b 
Mean high-water interval (Greenwich)_.____.........-..-__----_-_--- 3. 92 3.77 
Mean low-water interval (Greenwich) -..........--_.-..-_-----__.--- 10. 13 9.94 
Mesnirise interval (Greenwich) =. 2222-=-- as ee . 82 - 65 
Measn.duration of riseioftidena-s 2+ ate ee a ee ee 6. 21 6. 25 
Mean. duration of fall oftides- San722e06e. ek 2 ee ee 6. 21 6.17 
BNSSeae6 Odes a kcee onsen cant emis cdot Seen he Ree ene 38. 0 34. 1 
Parallaxageioftide@.< 22 aaa we ee ee Bs BS ees STAT 52. 2 
DMinrmaliage Ofte: 52 sess eee ee ee eee 19.1 15.5 
Bequence’oftide ss. 22. es ee i EE ek Pe ee ee ee HHW to LLW | HHW to LLW 


Times are given in hours and decimals. Intervals marked ‘‘a”’ refer exclusively to the moon’s upper 
Meridian passage at its north declination and to the lower meridian passage at the south declination. 
Intervals marked ‘‘b”’ refer exclusively to the moon’s lower meridian passage at its north declination and 
to the upper meridian passage at the south declination. 

For explanation of time relations, see pp. 10, 17. 
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TABLE 26.—Summary of ranges and inequalities, Boston Navy Yard and Common- 
= wealth Pier No. 5 


Commonwealth Pier 


Navy yard No. 5 
: Ratio to F Ratio to’ 
Magnitude mean range Magnitude mean range 
f ers 5 \— 
Feet Feet | 

tie BSS OES SS SS Se ae are eee 9.71 1. 000 9. 42 | 1. 000 
Spring range 11, 09 1, 142 10. 89 | 1. 15¢ 
SPELL DIES sae 20 ee ee ee eee 8. 32 . 857 7.82 | . 830 
PPPestibietHeG = 2025 28 eels (os s5 conn ss kee 11. 37 a Pan il 11. 20 | 1, 189 
MRPRIPCMPNDANI OO. Se 2 52 feces 2 ee cece enc eae seeesebee 8. 39 . 864 7.97 | . 846 
SererMGlunMalirAnpe .2 35.222. oe oan = neo secensaece 10. 44 1.075 10. 21 1. 084 
Sciia |) OSes 10 8. 98 - 925 8. 63 . 916 
OUT SER PRD TOMAEEY 0 22) 8 a a 10. 24 1. 055 9. 93 1. 054 
PIMAMLEOMICMANPO. 2) o 9-225-522-2222 ase Jase at cous 7. 85 . 808 7. 64 | . 811 
Average monthly extreme range___._.___-_------------- 13. 93 1. 435 13.79 | 1. 464 
SUES RUS) TTD O42) SN a aa oe 18. 50 1. 905 16. 00 1. 699 
Diurnal high-water inequality ........_.-_----.-------- . 40 . 041 45 | . 048 
Diurnal low-water inequality _..-_..._.._------------.- «00 . 034 . 34 . 036 
Spring tide level below mean tide level___-_-----.------- . 04 . 004 . 06 . 006 
Neap tide level above mean tide Ivel-___------------_-- . 04 . 004 05 . 005 
Mean tide level below mean sea level__-.._------------ .16 . 016 212 . 013 


For explanation of ranges and inequalities, see pp. 12, 17. 


TABLE 27.—Summary of tide planes, Boston Navy Yard and Commonwealth Pier 


No. 5 
. Commonwealth Pier 
Navy yard Nous 
Referred Referred 
| Referred PobB aston Referred +0 Boston 
to sea-level iran to sea-level 1 
datum Severe datum ow-water 
datum datum 
Feet Feet Feet Feet 

ERIDHeStnide ODSOrVed==—— =< .b2- 2225-226 s-425esees 10.1 15.0 7.8 1207 
average of monthly highest....-.--..---..!.-..-------- 6. 89 11. 76 6.73 11. 60 
LETEYSYETSHS4), LOY OS (0) pe 5. 63 10. 50 5. 47 10. 34 
STS ACG) ee ae 5. 45 10. 32 5, 26 10.13 
NACA enor nip, WATCY <5 2=--2-<-05 2 s--ccee ewe enose 5. 20 10. 07 5. 03 9. 90 
Tropic higher high water_-__------- Bre sce ooS Ee 5,15 10. 02 4.98 9. 85 
PHHERIC R EWU LOL ee as on PU) Laos oo cos see ae 4. 80 9. 67 4. 58 9. 45 
WMeanelower hiph water. =... -2.-22.5-.20s-22s-2----2k-e 4.40 9. 27 4.13 9. 00 
PA GPEAnVICl WALOD= 2.562) aso sana enn sec nas cece 4.14 9. 01 3. 91 8.78 
ISR LAE eee eee 4.14 9. 01 3. 83 8.70 
scropic lower Nigh water-..-=-+...---.------22-2.5---=.- 3. 78 8. 65 3. 67 8. 54 
IMHESay BGM aS a eee ee ee .10 4.97 —.01 4. 86 
SUEDE GRU OED DUC US ) eee eee . 00 4. 87 00 | 4.87 
GT TO GN CG) BEE Se Se a ee —.02 4.85 —.08 4.79 
WPCHTMELIONON Gl semen ante as Sane ese honest oon sscesess —.06 4.81 —.13 4.74 
Sornine tioevevels.-2-255-2-<2.-5-25--255252 2h occc- lee —.10 4.77 | —.19 | 4.68 
mropic nigherlow Waters... -=----=2-=-2-—-24--=-=5—--cs5 —4.07 . 80 —3. 97 . 90 
Neap low water-------- —4,18 69 —3. 99 . 88 
Apogean low water. —4, 25 . 62 —4. 06 .81 
Mean higher low water-_-_-_----------- —4. 58 . 29 —4. 50 .37 
Boston low-water datum —4, 87 00 —4. 87 . 00 
LOE ii? WEG Se ee ea eee —4.91 —.04 —4. 84 | . 03 
sPropic loweblow watel<)----------2---<525-2---=0-se02 —5.09 —.22 —4.95 | —, 08 
icnnulower lOWAWALOL = 24 ='=22lssssccsss-eeceu-saccn~ —5, 24 —.37 —5.18 | —.31 
See iy Me) a es eee —5. 64 =, —5. 63 —. 76 
REMCERMNOWAWALOD~=--5-5-> 2222-225 2o-s25---5-55-2s2-<e —5. 74 —.87 —5. 73 —.86 
Aversce ol monthly lowest_----......2=--222--=------<- —7.04 —2.17 —7.06 —2.19 

Manmpestntigde OUSCLVGd0s-..---~-3---2-_522-22------==- <= —8.4 —3.5 —8.2 —3.3 


For explanation of tide planes, see p. 17. 
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TasBLE 28.—Tidal harmonic constants, Boston Navy Yard and Commonwealth Pier 


N 0. 6 = 
Navy yard, 1869 Commonwealth Pier No. 5 
Component 1922 1924 Means 
H K 
H K H kK H K 
Feet | 2 Feet e Feet % 
(0.025) | (142) | (0.025) | (145) | (0.025) (143) 
449 | 134 449 | 136 . 449 135 
- 350) | 21 154 | 8 Bei) 14 
. 264 15 -166 | 355 . 215 5 
-023 | 117 COLT 127 . 020 122 
4. 371 330 4, 407 328 4.389 329 
. 008 299 . 004 229 . 006 a nes 
. 072 107 . 063 104 . 068 106 
123 232 128 225 126 229 
028 19 027 9 ) .028 14 
995 300 986 302 990 301 
115 287 148 274 . 132 280 
348 117 371 119 . 360 118 
(. 014) (151) (. 014) (153) (. 014) (152) 
158 135 136 139 . 147 137 
070 110 (.072) (110) .071 110 
(. 009) (100) (. 010) (102) (.010) an 
006) (5) (. 006) (3) 4 
017 76 031 100 024 
699 5 721 3 710 4 
003 210 007 188 005 197 
007 190 009 194 008 192 
046 16 (. 031) (344) | 038 0 
045 271 (. 106) (294) | 076 283 
. 218 310 . 192 27 . 205 348 
(. 013) (110) (. 014) (111) (. 014) (111) 
. 022 108; {222585222 hee . 022 108 
. 150 143 . 155 74 . 152 108 
. 049 87 . 150 12 - 100 49 


Values in parentheses are inferred. References to the harmonic constants in this table are given on 
pp. 14, 17. 
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TaBLE 29.—Tvdal data, Boston Harbor, 1847-1926 


65 


Locality 


Broad Sound: 


Nahant (42° 25’ 
70° 55’ W.). 


Point of Pines, Lynn 


N,, 


Harbor (42° 27’ N., 


70° 58’ W.). 


Boston Light, Nan- 


Boston Harbor Entrance: 


tasket Roads (42° 
20’ N., 70° 53” W.). 


Lovells Island, 
Narrows (42° 
N., 70° 56’ W.). 


the 


20° j 


Georges Island, Nan- 
tasket Roads (42° 
197N., 70256" W-).. 


Rainsford Island, 
Nantasket Roads 
a 19’ N., 70° 57’ 


a) 
Boston Harbor, northern 
shore: 


Deer Island, Shirley 


Gut (42° 21’ N., 


58’ W.) 


Piont Shirley Wharf 


70° 


(42° 21’ N., 70° 58’ 
We) 
Chelsea Creek En- 


trance (42° 23’ 
717007 W.)2 


Boston Inner Harbor: 


N., 


Charlestown Bridge 
i QR Nis tke 104? 


Warren Avenue 


Bridge, Charles Riv- 
(42° 22’ N., 


er. 
04’ W.) 


Craigies Bridge (Char- 


Th be 


les River Dam) (42° 
22' N., 71° 04/ W.) 


Navy yard 


Charles- 


town (42° 22” N., 


71° 03’ W.) 


Chelsea Bridge, Mys- 
tic River (42° 23’ N., 


71° 03’ W.) 
Middlesex 


Avenue 
Bridge, Mystic Riv- 
er (42° 24’ N., 71° 05’ 


Wi) 
Medford Bridge, Mys- 


tic River (42° 25’ N., 


RIS07 W') 


04’ W.) 


Boston Harbor, Western 
Shore: 
Dover Street Bridge, 
Fort Point Channel 
(42281 WN, 71°. 04! 


W.) 
Railroad bridge, South 
Bay (42° 20’ N., 71° 


| 
* Lunitidal 
Observations iitareald Ap ether 
| = rise 
Year| Length HWI| LWI 
Hours | Hours Hours | 
1847 T11) |, £45877 | 16524 
1853 11.05 | 4.66! 6.39 
1894 11.28 | 5.02) 6.26 
1894 11.40} 5.10} 6.30 
1847 | 314 months_. 11.30 | 5.02} 6.28 
1860 | 114 months__| 11.28 | 5.06 | 6.22 | 
1803) (222 do:2222| 11.16 | 4.97! 6.19 | 
1894 | 1 month____- 11.27] 5.04] 6.23 
1926 | 144 months.. 11.19 | 5.00/ 6.19) 
1912 | 5 days_....-- 11.28) 5.00| 6.28 | 
| | | 
1847 | 11.54] 5.63] 5.91 | 
1858 | 11.19] 4.90] 6.29 | 
1892 | 11.38 | 5.10 | 6.28 | 
1894 11.40] 5.25| 6.15 | 
1906 11.28) 5.65| 5.63 | 
1892 11.07 | 4.94) 6.13 | 
1893 | 6 days.------| 11.06 | 5.11 | 5.95 
1894 | 1 day-.....-.| 11.78 | 5.15 | 6.63 | 
1858 | 2 days__.---- 111.52! 5.23| 6.29 | 
1894 | 3 days....--.| 11.37 | 5.20] 6.17 | 
ee 2 days.-_---- | 11-10 | 4.92] 6.18 | 
1926 | 7 days..----- | 11.57] 5.28] 6.29 | 
1863. |)-1' day2---.2-- | 11.34] 5.18] 6.16 
1892 |____- doe 11.49 | 5.13 | 6.36 | 
| | 
1863) |e dos eee 1 4409 5,23) | 63210 
1892 | 2 days_-_---- } 12. 51s)! 5. 335/618 | 
1847 | 
to |730 years._-_- 10, 44) |) 5.23%) 96: 25 | 
1876 | 
1902 | | 
tow || 79: yearsiec - 2 |22- 52 SS |b eee eee 
1911 | 
ARG QUetiday===cne == 11.41 | 5.48] 5.93 | 
| | | 
1860 eee doe. 11.59 | 5.73 | 5.86 | 
| 
TREO Meee donee 11.79 | 6.00| 5.79 | 
T8635) eee doa 11.34 | 5.13] 6.21 
| 
1863 | 7 days-_------ 11.39 5.29] 6.10 | 


9. 46 


9. 94 


9. 85 


Compared with— 


Do. 
Do. 
Rost Hamilton, N. 


Do. 
Commonwealth 
Pier No. 5. 


Portland, Me. 


Navy yard. 
Do. 
Sandy Hook, N. J. 
Fort Hamilton, N 
Ye 
Do. 
Sandy Hook, N. J. 
eke Hamilton, N, 
Do. 
Navy yard. 


Do. 


Do 


3 


Pier No. 5. 
Navy yard. \ 


Do. 


Do. 
Do. 


Sandy Hook, N. J. 


Navy yard. 


Do. 


Do. 
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TaBLEe 29.—T dal data, Boston Harbor, 1847-1926—Continued 


: | Lunitidal 
Sta- Observations intervals Dura-| Mean 
tion Locality | tion of | range 
No. rise 
Year Length HWI| LWI 
Boston Harbor, Western | 
Shore—Continued. 
19 Commonwealth Pier | {1922 Hours| Hours| Hours| Feet 
No. 5 (42° 21’N.,71° |; to |75 years__---- 11.29} 5.04] 6.25] 9,42 
03’ W.) | (1926 
20 Castle Island (42° 20’ |{1892 ie daysecceee: 11.16 | 5.17) 65.99) 9,41 
ING L012 Wi) |\1894 |f2 days____2_- 11,24] 5.21] 6.03] 9.59 
Pal Railroad bridge, Ne- | 1926 | 6 days____--- 11.26 | 5.061 6.20] 9.61 
ponset River (42° 17’ 
N., 71° 02’ W.) 
22 Moon Head (42° 19’ | 1906 | 1 year____._- 11.14] 4.94] 6.20) 9.14 
N., 70° 59’ W.) 
Boston Harbor, Southern 
een 915 | 3 th 15 5.42 |} 6.14] 8.99 
Ola 1 months_._- . 56 4 Ms fi 
23 { ETC aD fine 5 months_...| 11.49 | 5.26 | 6.23| 8.99 
: 1926 | 144months__| 11.37 | 5.17] 6.20} 9.21 
24 Sheep Island, Hing- | 1893 | 4 days______- T7505 6:25-6:20) || shove 
ham Bay (42°17’N., 
70° 55’ W.) : 
95 | behest era bk ry te 1993 | 2 days...---- 11.30 | 5.15 | 6.15 | 10.30 
| 70° 58” W.) » (1996 | 7 days_...--- 11.51] 5.33] 618] 9.51 
26 Weymouth Back Riv- | 1893 | 1 day_______- 11.28) | 6.:23) | “6..05: |’ 8540 
er Bridge (42° 15’ N. 
70° 56’ W.) 
27 Crow Point, Hingham | 1926 | 20 days_-___- 11:41 | 5.28; 6.18] 9.40 
Harbor Entrance 
(42° 16’ N., 70° 54’ 
W.) 
28 | Hingham, Hingham | 1926 | 1 day.-_-_-_-- 11.35} 5.05 | 6.30; 9.52 
| Harbor (42° 15’ N., 
70° 53’ W.) 
29 Strawberry Hill, Hing-| 1893 | 3 days____--- 11.33 | 5.23 | 6.10] 9.82 
ham Bay (42°17’N., 
70° 53’ W.) 


For reference to the observations listed in this table, see p. 1°- 


Compared with— 


Sandy Hook, N. J. 
de Hamilton, N. 


Commonwealth 
Pier No. 5. 


ae Hamilton, N. 


Portland, Me. 
Do. 
Commonwealth 


Pier No. 5. 
Paes Hamilton, N. 


Do. 
Commonwealth 
Pier No. 5. 
he Hamilton, N. 


Commonwealth 
Pier No. 5. 


Do. 


me Hamilton, N. 
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TaBLE 30.—Adjusted tidal data, Boston Harbor 


Lunitidal ; 
Sta- intervals | Dura- Range of tide 
tion Locality era ees Ex toniof'|: 
No. rise | 
HWI| LWI Mean | Spring} Neap 
Broad Sound: Hours |Hours | Hours| Feet | Feet | Feet 
1 Tp eU NRA = ee el ee eae eee 11. 25 5. 00 6. 25 9.0); 10.4 7.5 
2 MPVS ArWOR 2205.2 e042. SRL Shoe De ek 11.40} 5.10; 6.30 922 S10N7, 7.6 
Boston Harbor entrance: 
3 Boston Light, Nantasket Roads-_-_--__-.-------- 11,22) 5:01), 6.21 9.0) 10.4 wo 
4 ovells island, The Narrows. - = 22 25-2 eee 1122) | 62.02 | 6.20 9.1 10.6 } 7.6 
5 Georges Island, Nantasket Roads___-.-.--------- 122°] 5:02") 6:20 Oe eLONG (hk 
6 Rainsford Island, Nantasket Roads___-.--------- 11.23 | 5.03 | 6.20 Oe TF LONG s |e mare 6 
Northern shore: | 
it Meerislandsysairley) Gutes 2259s so- eee 11580)\). 55 10%'" 6:20 9.5 | 11.0 7.9 
8 Reintishinleyw hari. 3222. Sau ese ee Ler |e o20 Gola 9:5-|' 110 7.9 
9 G@helsen'! Creek entrance. --S3 20-2222. elee eaten = 57 |), 255280) 6. 29 95: | 110 7.9 
Boston Inner Harbor: | | 
10 WharlespRiverBridgess.2--. 4. 8 2-ok asda e ese 11,46"), .5..26);|| 16.20 ORICA Mireille 8.3 
ll Warren Bridge, Charles River_.........--------- 11.46 | 5:26) 6.20 ko ere 8.3 
12 Craigies Bridge (Charles River Dam)--~--------- 11250!|5.5:.30)) 6.20 Siig |e lite 8.3 
13 Navy yard, Charlestowne22222-. 22. 2242-225 Ba) We 44 52235 6221 Seale let 8.3 
14 Chelsea Bridge, Mystic River Salsa ol 6:48) |) 15:\97 9.8} 11.2 8.4 
15 Middlesex Avenue Bridge, Mystic River___----- 1.59") 6.73.) 5.86 958) |) Lee 8.4 
16 Medford Bridge; Mystic River: .----.---- ==. 2s 11.79 | 6.00) 5.79 9.5 | 10.8 8.2 
Western shore: | 
17 Dover Street Bridge, Fort Point Channel-_-_--_-_- alieodds | eeOslory) wOsa 9.6} 11.0 8.2 
18 Wailroad bridge, South Bay——-.- --- 22-42) -o-- ne } 139) |) 5229) | 6.10 ONG LEON! 8.2 
19 Commonwealth: PierNoa.|52=-=-----=22-- = ee | 11.29) 5.04] 6.25 9.4 10.9 7.8 
20 AS TIGRLSLELEL Gee eo oe ee oe Ee ee | 11.24 5. 04 6. 20 9.4 10.9 7.8 
21 Railroad bridge, Neponset River---------------- 11.26 | 5.06 | 6.20 9.5} 11.0 7.9 
22 VOGUBE CAG Ris Aon ee en eee 11, 24 5. 04 6. 20 9.1 10. 6 7.6 
Southern shore: | 
23 INFO TICTE ag A eke ee Oe eee nee Ae STO Gs 20 9,2)1 10:'7-| 7.6 
24 SHeeplsiand:s Hangham bayts2 ose 2 es | 11.40 | 5.20) 6.20 Ono) ehISOp! 7.9 
25 Weymouth Fore River Bridge__..-_-----------.- | 11.51 |) 5:33) |! 6.18 9.5; 11.0 | Wao 
26 Weymouth Back River Bridge....-.------------| 11.50 | 5.35 | 6.15 OPA leON| 7.9 
27 Crow Point, Hingham Harbor entrance-_--------- PTS ie oe280 | 6513 9.5 | 11.0 | 7.9 
28 Hingham, Hingham Harbo#___-.--.-------------| 11.45 | 5.30] 6.15 9.5 | 11.0 | 7.9 
29 Strawberry Hill, Hingham Bay.-..-..--.--.._-- Welits400 55.25) | 6515 Ono) dde0, 7.9 
| | | | 


Note.—Tidal influences extend up the several rivers tributary to Boston Harbor as follows: 

Chelsea River, 3 miles to a dam at Slade’s Spice Mill. 

Mystic River, 5 miles to a dam at Cradock Bridge, Medford. 

Malden River, 2 miles above its confluence with the Mystic River to a point beyond the Charles Street 
Bridge. 

Charles River, 1 mile to the Charles River Dam. 

Neponset River, 4 miles to a dam at Milton Lower Mills. 

Weymouth Fore River, 6 miles to a dam at East Braintree. 

Weymouth Back River, 4 miles to the highway bridge at East Weymouth. 

For reference to above table, see p. 18. 
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TABLE 35.—Current harmonic constants, stations W1, W16, W37 


Station W37, between 
Boston and East Boston 


Station W1, Nantasket | Station W16, President 
Roads Entrance Roads Entrance 
Component 
H K H K 
Knots 2 

0. 081 54 

(. 092) (294) 

(.078) | (284) 

a yAR 249 

. 103 148 

. 094 142 

. 366 218 

(. 048) (200) 

. 062 61 

(. 026) (68) 

(. 013) (41) 

. 260 | 285 

(.063) | (343) 

(. 028) (202) 

.075) | (267) 

July 14-24 and aug. 

3-7, 1926. 
LAS aty Shee eae 


H K 
Knot 2 
0. 054 41 
(. 029) (292) 
(. 025) (283) 
- 483 249 
. 008 86 
-009 | 17 
.114 223 
(. 015) (198) 
. 036 52 
(. 016) (57) 
(. 008) (30) 
082 | 278 
(. 020) (342 
(. 009) (200) 
(. 023) (266) 


July 26-31 and Aug. 
2-3, 1926. 
6 days. 


The component epochs refer to the times of flood strength of the several components. 
For reference to the harmonic constants in this table, see p. 23. 


are in parentheses. 


Inferred constants 


TABLE 36.—Tidal currents, Boston Light Vessel 


9 hours after hi ~ 


Observations Sept. 22-Dec. 26, 1913 | Observations June 8, 1926-June 30, 1927 

l | 

Time referred to high water at -,_ | Direction || Time referred to high water . Direction 
Boston Navy Yard Velocity | (true) |! at Commonwealth Pier No.6 | Velocity | ~ (true) 
| 
_| Knot 2 | Knot a 

WP WALer= so 58 6 tooo cone O00) \"ssecet ence. Winighiowater 222s b Le ae ee 0. 03 75 
1 hour after high water_____--- . 06 76 || 1 hour after high water______- . 06 84 
2 hours after high water------- 12 | 76 || 2 hours after high water-_---- - 09 88 
3 hours after high water----__- 14 | 76 || 3 hours after high water___--- | “10 92 
4 hours after high water---_.--- 15 84 | 4 hours after high water-_---- .10 86 
5 hours after high water-_-___--- a2) 81 || 5 hours after high water-_-____ . 08 82 
6 hours after high water---.---- . 05 | 113 | 6 hours after high water-_-_--__- . 03 93 
7 hours after high water------- . 04 200 || 7 hours after high water___-_-- 01 210 
8 hours after high water-_-____-- . 09 | 250 | 8 hours after high water_____- . 04 241 
water....__- 2) 261 | 9 hours after high water_-_-___- . 06 264 
10 hours after hiz.: water__-.-- .14 260 | 10 hours after high water-____- 05 266 
11 hours after high water__-_--- . 09 269 | 11 hours after high water ____- . 03 255 
12 hours after high water._-_-- . 04 256 || 12 hours after high water_____ . 02 30 


PHASES REFERRED TO 


TIDES AT COMMONWEALTH PIER NO. 5 


Series, 1913 


Series, 1926-27 


Means, weighted 


(96 days) (388 days) (484 days) 
BHACKADBIOTemOOd==22—- 2-2 ees be LW-+0.58 hour__--| LW-+0.58 hour___.| L,.W-+0.58 hour. 
Sirenepovomnood-ce 2. s/o. 228 8 ese LW-+3.63 hours_--| LW-++3.23 hours_..| LW-+3.31 hours. 
RaReKaDelOreleD Dias ss- 225 -u oo. RUS | HW-+0.15 hour_---| H W—0.87 hour-...| H W—0.67 hour. 
BireaPEaronen bss a8. 2s HW-+83.90 hours_-.| HW-+3.50 hours...| HW-+3.58 hours. 
Velocity at strength of flood__-___._..-____- ON4 Knot. 2 see OO @kmotsy = See eee 0.08 knot. 
Velocity at strength of ebb.___._..._-_____-- OWS Knoteeoss 25252 O10 knots ss ese 0.11 knot 
Direction at strength of flood.__...._______- FER REI TN DEAS es Sete es 255°. 
Direction at strength of ebb_.___._-_____.__ 7h) peage RTE SP eee Giese Ate lt 54 “pa eee iad 85°. 


For reference to above table, see p. 24. 
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TABLE 37.—WSet of nontidal current, Boston Light Vessel 


Observations Sept. 22-Dee. 26, 1913 


Month | 
North. . | East (mag-' Resultant | Direction | Direction 
| (magnetic) | netic) com- “Velocity | (magnetic)| (true) 
component} ponent | Ms a 
Knot Knot | Knot | e eC 
September !___ 0. 00 0. 04 0.04 | 90 76 
October —.05 —.01 . 05 191 177 
November . 05 - 01 05 11 357 
December ! 02 | . 03 . 04 124 110 
Series 1913 —. 006 . 012 . 01 117 103 
— [ — | 
Observations June 8, 1926-June 30, 1927 
1926 
Dine Lee ee eS 0. 00 0. 07 0. 07 90 75 
ily =soee sea 03 . 04 . 05 53 38 
August . 00 . 00 . 00 "| 2. =e | 2 ne Se eis 
ols) 0\ 2) 001 01r) gee eee pee 2 ee ae . 01 . 00 . 01 0 345 
Octobers= 20225. 22s eee eee . 00 . 00 ,00 |... 222322 eee 
INOVenlber: 2 oe 2 st Be a a es 02 - 01 . 02 27 12 
ID ecem Denes => - a: en ee ee ee —;, 02 . 02 . 03 135 120 
| 
1927 
PANUAr Vee a eee by ee —, 02 . 02 . 03 135 120 
HMeEDRIAny si 2 52 ee Se se ee | —.03 . 00 . 03 180 165 
Wearchies: 4: 32s n>. Series ee oe oa) —. 04 . 05 . 06 129 114 
2244 9) 98 a ee eee eee ee ee ee ae —.09 . 05 .10 151 136 
I Ge ae a eS 2 ee Ae ee eee . 02 . 03 . 04 56 41 
JUNC! ser So ees Pe ee. EEE aS 02 . 00 . 02 0 | 345 
Series 1026-07-62 see ses ee is —. 008 . 022 . 02 110 95 


1 Records cover only a portion of the month. 


For reference to above table, see p. 25. 


TABLE 38.—Current due to wind, Boston Light Vessel 


| 


Devia- 
tion 
from 
wind 

direc- 
tion 


Series Sept. 22-Dec. 26, 1913 | Series June 8, 1926-June 30, 1927 
Direction from which Aver- Devia- Aver- 
wind is blowing Num- age Aver Dice: tion | Num- age Aver- Di 
ber of | wind | agecur- tiothtor from | berof | wind | agecur tion of 
obser- | veloc- | rent ve- Cierete wind | obser- | veloc- | rent ve- current 
vations | ity per | locity | direc- | vations | ity per | locity 
hour tion our 
Miles | Knots| ° ce, Miles | Knots 2 
Noth ese 181 20. 2 O17 197 i fl 369 16.1 0. 08 194 
Northeast. eee. 161 19. 2 .16 230 5 795 20. 7 . 09 229 | 
ASG 2 => eee ee 62 16.9 14 278 8 | 322 15.0 . 08 293 
DONtHeASiPo24 = Seas 154 15.9 eb 337 22 | 670 14.6 . 08 346 
SOULH=. === seen eee 74 17.3 .19 16 16 528 13.8 . 09 32 
Southwest..2--22.- 206 16. 1 .18 41 —A 1, TTT 15.4 .10 66 
WiESt==-e == oe 202 18.3 512 76 —14 | 816 14.7 . 06 90 
Northwest __.....-.- 222 20. 0 166 31 | 1, 642 19.6 = Lk 158 


Maximum current observed was 1 knot on Apr. 7, 
with a velocity from 34 to 40 miles per hour. 
For reference to above table, see p. 25. 


1927, with the wind blowing from the northwest 
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TaBLE 39.—Current harmonic constants, Boston Light Vessel 


{From 221-day series, June 9, 1926-Jan. 15, 1927] 


Component 


North com- East com- North com- East com- 
ponent ponent ponent ponent 
(magnetic) (magnetic) (magnetic) (magnetic) 

Component 
He |) o“K« H K H K H K 
| 
Knot ¢ Knot 3 Knot c Knot K 
| 0.012 111 | 0.019 D048 WN Nigteseeetee Siac ooce 0. 007 313 . 019 27 
| -.008 4 . 008 DTS Nhe) ieee Se sl a . 008 78 . 017 256 
. 019 243 . 080 DIG Sgeee se aces Sees alee = . 004 204 . 017 90 
. 007 243 | .004 DUO w |S pee ee Se eS = os 2S . 001 228 | .004 294 
lets 004 | 250 | .003 24 
| } 


For reference to above table, see p. 25, 
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TIDES AND CURRENTS IN BOSTON HARBOR 


TABLE 41.—Condensed current data for selected localities 


[Time differences refer to currents off Deer Island Light in President Roads Entrance] 


Strength of 
Time sige 
P Lati- | Longi-| aa. Flood | Ebb : 
Location tude | tude eres velocity|velocity, Basis of data 
Inter- | Direc- | 
val tion 
North | West | 
CPG Se be URE 5 70 a 7 Ms Knots | Knots | Current stations 
Boston Light Vessel__.....-- 42 20] 70 45 /—0 25] 8 15 255 0.1 | 0.1 | Light vessel. 
Nahant (off East Point)-_-.--- 42 25) 70 55 |-—0 25) 8 20 235 ave .6 | D30, W53. 
Lynn Harbor Entrance----- | 42 25) 70 57 |—O0 10] 8 15 325 4 .5 | W854. 
North Channel (off Great 
IGE) i 5 oe ee 42 21/70 56!) 0 00] 8 30 200 1.4 | 1.6 | W50 
Hypocrite Channel-_-_-_------ | 42 21) 70 54\/—0 35] 7 50 255 1,2 | 1.0; W49 
Nantasket Roads Entrance_.| 42 19| 70 53 |—0O 15) 8 15 260 1.5 1.501) Wile 
Black Rock Channel-_-_------ 42 19| 70 55 /—0O 20! 8 20 220 1.2 1.2 | M17, D41. 
The Narrows (off Georges I.) | 42 19| 70 56/—0 30| 7 55 270 1.2 1.2) W13, M18, D44. 
The Narrows (off Gallups I. | 42 20/70 56 (1) 6 05 135 .4 1.0 | D46. 
Between Gallups I. and | 
Genres. oo oo a=5sce5 | 42 19| 70 56 |—O 45] 7 35 260 1.0 | .9 | M14, W12. 
Between Gallups I. and | 42 20/70 57 —0 45| 8 25 230 4 | .8 | M19. 
Nixes Mate. | 
Nubble Channel--_-__-------- | 42 20) 70 57 +0 05| 8 55 195 .8 .7 | M20, W14. 
President Roads Entrance | 42 20| 70 57| 0 00] 8 50 270 1.8 | 1.5 | WI16. 
(off Deer I. Light). | 
Sieh id live (G0 eee a ea 42 21/70 58 |—1 00/] 8 20 235 1.5 1.5 W27, M22. 
Off Winthrop (1 mile south).) 42 22 | 70 59 |—0 15| 7 465 300 ath .8 | W28. 
ation I. Channel (en- | 42 21/70 59 /|+0 05| 8 45 330 6 .7 | W26. 
rance | 
si oe channel (off | 42h -20)| 71 OL 0 00; 8 50} 315 1.0 1.1 | W230, D7, W233. 
astle I.). | | | 
gi Point Channel En- | 42 21 71 03 1 .0);00)4, 33 50 | 205 <4 || -3 | W235. J 
rance. | | 
pee Boston and E. 42 22| 71 03 |+0 05) 8 50 340 «4 .6 | W237. 
oston. | 
Off Navy Yard, Boston ....| 42 22 | 71 03 |-+0 10) 9 00} 25 4 .6 | W44, W46. 
Chelsea River Entrance-_-_-_-_- 42 23/71 02/40 10; 9 10 100 «5 .6 | W47. 
Mystic River Entrance-----} 42 23] 71 03 /}+0 10; 9 10 270 05 -5 | W48. 
cag Long I. and Spec- | 42 19! 70 58 |—0O 10; 8 35} 185 4 -5 | W18. 
acle I. | 
Se Peecaele I. and | 42 20) 71 00 |-—0O 25 8 15 250 .8 .8 | Dll, W21, W22. 
astle I. 
Between Spectacle I. and | 42 19/| 71 00 |—2 40}; 5 40) 310 .3 5 | W20. 
Thompson I. 
ee I. and | 42 19} 71 00 /|—0O 15); 8 15 240 .6 -8 | W232. 
astle I. | 
Between Thompson I. and | 42 18) 71 00 |—1 00| 7 45 260 4 -5 | W19. 
Moon Head. 
eo Bay (off Thim- | 42 18/ 71 02|—0 15}| 8 15 230 .8 .9 | W224. 
C) 
eel gta Bat CNL YAAING |) 42) 17: |) 71, °0257—0' 25°) -7 50 | 230 .6 CWA eae 
Hive: H.R. bridge). 
corte Moon Head and | 42 19 70 59-2 30| 5 40 310 4 -4) W111. 
on 
Between Long I.and Rains- | 42 19 70 58|—0 15| 8 25 225 .8 1.0 | W10. 
or 
Cone Ly. Roads (off| 42 19| 70 55| 0 00; 8 45 245 1.5 1.5 | M10, D5l. 
eorges 
see eenet Roads (off Rains-| 42 18 | 70 57|+0 10; 9 00 | 240 15?) 1.3 | D48, D49, W9. 
or 
Nantasket Gute 222. 52222 222 42 18} 70 56/—0O 35 7 #55] 160 2.3 2.6 | W2, D52. 
Lee Peddocks I. and | 42 17) 70 57|+0 05) 8 45) 130 1.6 1.3 | W3. 
ut I. | | | 
—o Bay (off Bumkin | 42 16| 70 54; 0 00/ 8 10) 130 .9 1.1} W65. 
Weymouth Fore River En- | 42 16/70 56| 0 00| 8 25| 185 15 .4| W4. 
rance. 
Weymouth Fore River! 42 15 | 70 58/—0 15} 8 05 225 .6 -9| WZ. 
(Quincy Pt. Bridge). | 
Weymouth Back River | 42 15 | 70 56|—0 05| 8 50) 165 1,2 1.2 | W6. 
(drawbridge). | 
1 Current irregular between Gallups Island and Lovell Island. See p. 26 


For reference to Table 41, see p. 27. 
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TABLE 42.—Temperature and density of sea water, Boston Navy Yard, 1863 


Month 


Temperature, °C. 


Density at 15° C. 


PAUL STISG= Pee Rese ee ees A Te Be 
Octobers== eee ae St ee ea 


| 
| 
| 


Mean | Warmest! Coldest | Mean 
| | 
| | 
| | | 
0.1 1.4 —1.1}  1,0203 | 
a6 3.3 —.6| 1.0201 | 
5.9 10. 6 1.9] 1.0173') 
11.5 17.8 | 6.9 | 1.0186 | 
14.1 19, 4 9.4 | 1.0224 | 
18. 2 22.8 15.0 | 1.0215 
18. 2 22.8 15.0} 1.0205 | 
16. 4 19.4 12.8 | 1.0206 | 
12.6 15.0 8.6 | 1.0205 | 
fs 8.9 5.6 | 1.0194 | 
1.3 5.0 —1.1) 41.0188 | 
9.7 22.8} 1.1] 1.0200 | 


| 
Heaviest | Lightest 


. 0221 
. 0207 


0251 | 


0239 | 
. 0236 | 
| 


0224 
0215 
0242 
0251 | 
0227 | 
0235 © 
0223 


1. 0163 
1. 0127 
1.0123 
1. 0133 
1.0197 
1, 0143 
1. 0168 
1.0181 
1. 0182 
1, 0132 
1. 0168 


1.0123 


For reference to above table, see p. 28. 


TaBLE 43.—Temperature and density of sea water, Commonwealth Pier No. 5, 


Month 


1921-1926 


Temperature, °C. 


Density at 15° C. 


ANI PU SUS ieee £2 Sede eee Y 
Octo bores =a to eee eee 


October 2222 Ji oe eee oe eee 


SAP TIS tee ee eee ee = eee eee 
October eee Se. Peer ee ee ey 


INOVEIDer ess) rey Ree ( 


Decenibens sn 2 =) ae eee ee 


Means and extremes----_-----.----- 


Heaviest | Lightest 


Mean | Warmest| Coldest | Mean 
12.9 16. 2 10.0 1.0188 | 1.0208 
15.8 19.0 1352 1. 0224 1. 0231 
19.4 22.0 16.5 1. 0193 1. 0218 
17.0 19. 2 15.0 1. 0220 1. 0230 
17.7 19.5 15.2 1, 0232 1. 0235 
11.4 14.0 9.0 1. 0234 1. 0239 
(a) 9.8 4.2 1. 0225 1. 0237 
2.6 5.0 —.5 1. 0217 1. 0228 
13.0 | 22.0 —.5 1. 0217 1. 0239 
—.4 .8 —1.5 1. 0228 1. 0233 
53h | 2.0 —1.0/ 1.0227 1. 0236 
3.0 5.5 —.8 1.0206 1. 0229 
6.7 8.5 3.5 1. 0206 1. 0222 
12.4 17.0 8.0 1. 0204 1. 0223 
15. 6 18.5 13.5 1. 0199 1. 0231 
18.0 21.0 16.2 | 1.0194 1. 0222 
18.1 2152 16.8 1. 0220 1. 0230 
16.4 18.8 14.2 1. 0214 1. 0222 
12.5 16.2 8.0 1. 0225 1. 0232 
7.0 8.5 4.2 1. 0228 1. 0232 
2nd 4.5 —.2)| 1.0230 1. 0232 
\. 
| 
9.3 2132 =o} 10215 1. 0236 
—.3 1.0 —1.2/ 1.0211 1. 0224 
—1.0 wie —1.5| 1.0219 1. 0228 
.6 3.0 —1.0; 1.0204 1. 0225 
4.8 9.0 0" Da0L97 1.0215 
10.6 13.5 8.8 | 1.0204 1. 0222 
15.8 19.0 13.0 1. 0219 1. 0225 
16.1 18.8 14.0} 1.0224 | 1.0230 
16.4 20. 0 13.2 | 1. 0227 1. 0232 
16.4 705 | 15.5 | 1.0230 1. 0234 
12.9 15. 2 11.0} 1.0229 1. 0234 
8.7 11.0 6.5 | 1.0225 1. 0232 
5.8 7.8 3.2} 1.0209 1. 0222 
8.9 20.0 —.5 | 1.0216 1. 0234 
ee Se eS 


TIDES AND CURRENTS IN BOSTON HARBOR 91 


TaBLE 43.—Temperature and density of sea water, Commonwealth Pier No. 5, 
1921-1926—Continued 


Temperature, °C. Density at 15° C. 
Month = 
Mean | Warmest| Coldest | Mean | Heaviest | Lightest 
1924: 
TOMI Rae ee ee a ee ee 1.9 3.5 —0.5 1. 0213 1. 0224 1. 0194 
—.2 ails) —1.0 1. 0220 1, 0228 1. 0209 
2.1 4.5 aa) 1. 0211 1. 0226 1.0175 
6.1 8.8 au 1. 0197 1. 0216 1. 0160 
9.5 11.0 8.2 1. 0201 1. 0217 1.0171 
13.9 18.8 10.0 1.0218 1. 0222 1. 0208 
16.6 18.8 14.5 1.0224 | 1.0229 1. 0218 
17.3 20.0 15.2 1. 0223 1. 0230 1. 0212 
15.8 19. 0 12.8 1.0212 1, 0223 1. 0189 
OR oe 11.8 15.0 9.8 1. 0223 1. 0229 1. 0214 
DDT Dt og 4 ae ee 8.1 11.5 Sez 1. 0227 1. 0231 1. 0223 
REIT IR ee ee eo 2.6 4.5 —.5 1. 0229 1. 0234 1. 0225 
Means and extremes-_-.._-.......-.-- 8.8 20.0 —1.0 1. 0216 1. 0234 1. 0160 
1925: | 
MIRO ARNO ee a a ae Seana Seeks —1.0 =r —1.8 1. 0229 1. 0237 1. 0202 
LD EVOT TEU 7k SE a ca A SS ee Rs Il 2.7 —1.2 1.0214 1. 0230 1.0170 
UE nls Ae a, SS al SD BR 3.5 6.0 1.0 1. 0208 1. 0229 1.0177 
CTI ae ae SS ee ea ee Tt 10.0 6.5 1. 0207 1. 0221 1. 0174 
Tala GONE PC sh a er a Be 10.8 1235 8.8 1. 0220 1, 0226 1. 0213 
UES gl ON Et ee ene ee eee, 15.8 18.5 13.5 1, 0225 1. 0231 1.0211 
LAELIA 2 St SE es a EA a 17.2 19.2 1552 1. 0230 1. 0233 1. 0217 
LAU CTS ee ee ae 19.2 21.2 17.8 1, 0229 1. 0233 1. 0220 
SLO) 1Giae| afc pes ee an DS eS a al 17.3 20. 5 14.2 1, 0228 1. 0233 1. 0218 
EIDE ee RE Set as 11.0 14, 2 7.5 1. 0231 1. 0233 1. 0227 
BADGE] be ee a en ie Se 7.0 8.5 | 4.2 1. 0227 1. 0230 1. 0220 
Legian es oe) 2A ee ee ee 34 dA 6.5 0 1. 0217 1, 0232 1. 0167 
Means and extremes. --.-......------ 9.4 21,2 | —1.8 1. 0222 1. 0237 1. 0167 
1926: | 
US EPET ES Sie Ata) 2.3 | —1.3 1. 0225 1. 0234 1. 0213 
BIR yee ene kk Hi) 1.5 | —1.5 1. 0224 1. 0231 1.0215 
WGty al 5 MR Ae eee 152, 2.8 | —.3 1. 0209 1. 0228 1.0170 
ENTUICTIS os 0 So St oe 4.4 0) | 2.5 1. 0210 1, 0226 1.0165 
Nios Sa ctee ee Se A areata em 9.8 11.8 6.7 1. 0215 1, 0228 1.0191 
PL ee eee os Rees PT Aaa ee 14.0 17.3 Tie) 1. 0226 1. 0232 1, 0212 
Sieh remeerts mea Ser eens Se LL ee ee L757 21,3 15.2 1. 0230 1. 0234 1. 0214 
Ju STG ee Oe ie ee 19.6 21.0 1705 1. 0226 1. 0229 1. 0221 
SLE EA SISDY O76) eae a a ea i ES 16.8 17.8 16.0 1, 0231 1. 0234 1. 0228 
“Octo Lyte es Se SS Lee ee 12.8 16.5 10. 2 1. 0232 1. 0238 1. 0225 
BeMOUIMEn eee on eee Eh 8.5 10.0 7.0 1. 0227 1. 0234 1. 0223 
“PCH F AD Sie ae Li ele a aa eee om 1.9 6.5 —.3 1, 0226 1. 0235 1. 0217 
Means and extremes.-...-.-.-...---- 8.9 21.3 —1.5 1. 0223 1. 0238 1. 0165 


For reference to above table, see p. 28. 
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TaBLE 44.—Temperature and density of sea water, Boston Harbor, 1926 


Temperature, 2c: 


Station No. Date Time 
Air Water 
7 | 
1926 (7 ft.) | (16 ft.) 
Wess UY ieee 14, 15-14. 25 17.2| 14.4 13.5 
I Oly? See ee as on 6. 30— 6.45 15.0 12.8 14.3 
| 14. 00-14. 30 19.5 13.4 12.6 
QL 45 Noo see olaeac sae s|- aoe soe 
Ul ysOst foe ee 6.40— 6. 55 17.5 12. 2 10.7 
| 14. 20-14. 50 18.0 13.0 12.8 
23.15 15.1 12.5 13.0 
JilyalOsese see 8. 20- 8.45 15.0 1355) 1323 
14. 15-14. 45 19.3) 13.5 12.8 
Ar bo) eee ee 6. 00 18.7 | 14.0 14.0 
14, 20 21.0 14.5 13.5 
22. 10-22. 20 17.2 14.4 14.4 
Daye oe ee oe 6. OO- 6.15 12.6 14.3 14.2 
Means 22 2228s. so onal osc ond seen eae eee 
| (7 ft.) | (18 ft.) 
Wie ae Paha e Sa 21. 25-22. 05 15:2 13.0 121 
tne! dpso se ee se 6. 05- 6.15 13.0 12.3 12.0 
14. 05-14. 15 14,2 12.8 12.1 
a) yin OMe ee 14, 35-14. 45 17.5 15.1 14.9 
20. 10-20. 20 17.0 13.7 13.5 
July dl ssS 6. 10- 6.18 19.8 15.1 | 14.5 
Means. 32/2282 ow ee Se eo teens | apres 
(6 ft.) | (16 ft.) 
Wissessaseo wun 422-6 = 14. 15-14. 30 14.5 13. 13.5 
JunewW besa 6. 15— 6. 25 13.2 13.0 12.8 
duly, 10f22- == 22. - 3 14. 10-14. 20 18.5 16.5 15.8 
22. 10-22. 20 15.0 14.5 14.5 
| ic yg tele eee 6. 10— 6. 20 21.0 16.5 15.5 
Wreans: £222 |2 <0. sooo ase ae ee are | eae ee acener oe 
(2ft.) | (6ft.) 
WG 2222 oe JUNG Giese nee sen ae | 14, 20-14. 24 14.5 19.4; 17.6 
| 22. 12-22. 23 5.5 10.3 10.3 
Pile Got: ai yaaa eS 6. 40— 6. 50 9.5 13.6) “13:45 ) 
WMeanisat 228 Ue ee eee eee (Soebeas 
CF Gft) oe (eft) i , 
Witese= a ee WiinelOsee see 12. 00-12. 10 17.0 | 
| 22. 00-22. 10 15.0 rH | in 4 
WUne 722 ene-e-see 6. 00- 6.10 15.2 13.6 | 13.6 
Means: .22.\|-cs Jesse: o=-|-eeeee = eee | Casosawe 
| (4ft.) | (10 ft.) 
Wieser ser vitine) 2 eee = 22. 10-22. 20 13:5 15.9 12.9 
JUNC 22 -..24-==-5 6. 45- 7.10 18.0 14.0; 15.4 
a eee 2. 15— 2. 24 18.1 15.1 | 17.4 
Means? _2 22) 2-25 52 ee See ee eee ane 
| (oft.) | eft) 
WG. ele ae Juneele een) a 14.00-14.09 | 138.0 13.4 | 
22. 01-22.09 | 16.1 1337 || Z i 
JUNO 225 a= 6. 02- 6.10 18. 2 14,1 13.6 
Jitlyalsene = oe | 22. 00-22, 10 14,2 12.8 | 12.5 
July Geese te ae | 6.10- 6.20 16. 0 14.9 14.3 
14. 05-14. 20 18.1 13.7 | 13. 4 
Means-...-- eee ee eee |--------|--------|-------- 
| (6 ft.) | (16 ft.) 
WO es_2 22S JUNG 222 26 es sa 22.00-22.10 |} 16.3 14.0 13.5 
VUNG see | 6.00-6.09| 16.8 13.6 13.2 
| 14.00-14.10 | 16.0 14.6 14,1 
Wily: See ee 7. 25- 7.35 17.6 14.6) 14.8 
10.10-10.20 | 21.0 14,4 13. 6 
| 14. 15-14. 25 22.2 16.4 15. 6 
Means: 25-2) 22326552 oneu eee onan eee eee 


12.6 
13.3 | 
14.0 


14.3 


| 12.0 


13.3 


(26 ft.) 


| (29 ft.) 
12.0 


12.0 | 


(7 ft.) 
i. 


1.0238 
1. 0238 
1. 0236 


1, 0239 


1. 0237 
1. 0237 
1. 0237 
1. 0238 
1.0235 
1. 0232 


1. 0233 


1. 0232 
1. 0234 
1. 0232 


1, 0232 
1. 0250 
1. 0243 


(22ft.) 2 
1, 0237 

1. 0233 
1, 0234 
1. 0234 
1, 0232 
1. 0236 


| 1.0234 


| 1.0234 

1. 0235 
1, 0232 
1, 0260 
1. 0249 
1, 0239 


Density 


“(18 ft.) 


1. 0236 
(16 ft.) 


1. 0223 
(12 ft.) 


1, 0233 
(10 ft.) 


1. 0242 


“C6ft.) | 25 ft), 


1, 0242 


eg is ae 


1 0237 
1, 0236 
1. 0238 
1. 0236 
1. 0233 


1. 0238 
(26 ft.) 
1.0244 


1.0241 
(10 ft.) 

1. 0233 

1, 0213 
1.0228 


1, 0225 
(19 ft.) 

1, 0231 

1, 0231 
*1. 0231 


1.0231 
=—— 
(16 ft.) 
1. 0232 
1, 0241 
1, 0242 


ib _ 1.0238 


(Shst)_ 
1. 0235 
1, 0231 
1, 0235 
1. 0235 
1. 0232 
1. 0236 


1. 0234 
4 ft.) 

0233 
5 0236 
1, 0232 
1. 0268 
1, 0250 
1.0239 


1, 0243 


TIDES AND CURRENTS IN BOSTON HARBOR 


93 


TaBLE 44.—Temperature and density of sea water, Boston Harbor, 1926—Contd. 


Temperature, °C. 


Station No. Date Time Density 
Air Water 
1926 (2ft.) | (6ft.) | dOft.) | (eft) | ft.) | Gost) 
00 a Mine eet 2h ee 22. 10-22. 18 17.0 15.9 16.1 15.4 | 1.0219 | 1.0215 1. 0218 
Cea Ay 5 ai a are 6. 20- 6.35 16.0 15.3 14.8 14.8 | 1.0240 | 1.0240 | 1.0240 
Linh ys ‘10. 10-10. 20 20. 5 14.9 14.8 14.8 | 1.0226 | 1.0230 1. 0230 
Uy Geese. ess - 6. 10- 6. 20 20.8 16.7 16.7 15.4 | 1.0234 | 1.0234 1. 0232 
14. 05-14. 15 20. 2 16.7 16.4 16.0 | 1.0284 | 1.0233 1. 0233 
a GTO ea] Pa ee) arc | 2 ee) ee eee 1.0231 | 1.0230 1. 0231 
(6ft.) | 12ft.) | A9ft.) | (6 ft.) | Weft.) | AS ft.) 
WEDS 22 imeraa Fee 6. 10- 6. 20 18.2 14.4 14.1 13.5 | 1.0227 | 1.0229 1. 0228 
14. 10-14. 20 20.0 14.7 13.9 13.1 | 1.0229 | 1.0230 | 1.0233 
22. 10-22. 20 16.6 120% 12.3 11.7 | 1.0228 | 1.0229 1. 0229 
Sua TEST peta Na A eI Se de eng eal Lets et] a ON (a ee 1. 0228 | 1.0229 1. 0230 
a 
(6 ft.) | US ft) | (@2aft)| ft) | sft) | (eft) 
Wray SO LISTE 7 6. 15- 6.35 14.1 14.4 13.5 14.6 | 1.0264 | 1.0241 1, 0238 
14. 10-14. 20 18. 0 17.5 16.8 16.7 | 1.0240 | 1.0234 1. 0236 
21. 10-21. 35 15.1| 15.0 14.8 15.4 | 1.0221 | 1.0221 | 1.0224 
yk G5 a ee 2.10- 2.15 23.0 14.5 14.5 14.3 | 1.0272 | 1.0243 1. 0242 
10. 10-10. 20 17.8 15.1 14.8 14.5 | 1.0275 | 1.0263 1. 0246 
CELE ais pa 6. 10— 6. 20 15.0 14.5 15. 0 15.0 | 1.0270 | 1.0260 1. 0264 
Tah (GEE Te peg See a lle se | Fe ok eee je Be oe |e ee eS eee ae 1.0257 | 1.0244 1. 0242 
(6ft.) | U4ft.) | @2ft.) | ft.) | U4 ft.) | (22 ft.) 
4 0g Lae ee Miehgabbes 5 2 2-5 2 14. 10-14. 20 20.3 15.2 15.1 14.4 | 1.0232 | 1.0232 | 1.0232 
22. 10-22. 20 17. 5 14.5 14.6 14.4 | 1.0236 | 1.0235 1. 0233 
1d hil Peas Manes 6. 10- 6. 20 15.8 14.9 14.9 14.8 | 1.0236 | 1.0231 1. 0231 
“fWIKyes eee ee 14, 40-14. 55 22.8 17.4 17.4 17.0 | 1.0241 | 1.0240 1, 0238 
22. 05-22. 25 18.0 14.1 13.7 13.0 | 1.0237 | 1.0235 1. 0238 
SOR uray See | SS ae RS Ee Ae 1.0236 | 1.0235 | 1.0234 
(6ft.) | (16 ft.) | (24 ft.) | (6 ft.) | dé ft.) | (24 ft.) 
Wil osea- oes cE re Se ea 13. 15-13. 25 16.0 14.5 15.5 15.3 | 1.0239 | 1.0239 1. 0239 
(18 ft.) | (82 ft.) | (61 ft.) | Us ft. | eft) | @1ft. 
Waist 223 epleys aes 8 St 14, 15-14. 25 18.2 15.4 14.7 14.7 | 1.0241 | 1.0238 1. 0237 
22. 00-22. 10 15.2 15. 6 15.8 15.8 | 1.0237 | 1. 0236 1. 0234 
isl graye = Te 6. 05- 6.15 15.0 14.8 14.8 14.6 | 1.0234 | 1.0231 1, 0231 
14. 00-14. 10 16.5 fea 1§.1 15.0 | 1.0234 | 1. 0233 1. 0235 
22. 00-22. 15 14.7 15.0 15.4 15.5 | 1.0233 | 1.0234 1. 0234 
ULE G oo 6. 00- 6. 10 15.0 14.7 14.7 14.5 | 1.0285 | 1.0236 1. 0238 
14. 30-14. 40 15.2 15.4 15.2 15.3 | 1.0238 | 1. 0238 1. 0238 
UU Garis se 22. 05-22. 15 17.0 15.7 15. 6 15.5 | 1.0234 | 1.0237 | 1.0284 
7. 10- 7.20 17.5 15.6 15.5 16,2 | 1.,0231 | 1.0233 1. 0234 
14. 00-14. 10 21.8 15.9 15.9 15.7 | 1.0234 | 1.0235 1. 0231 
20. 00-20. 10 20.8 16.9 17.0 16.2 | 1.0232 | 1.9231 1. 0231 
irik 7 eae eee 6. 10— 6. 20 18.5 16.5 16.4 16.0 | 1.0232 |; 1.0233 1. 0231 
14, 15-14, 21 25.0 16.5 16.6 15.9 | 1.0230 | -1. 0232 1. 0234 
22. 00-22. 10 17.2 16.6 16.8 16.2 | 1.0230 | 1.0234 1, 0232 
“UL FUN ae 6. 10- 6. 20 16.5 16.7 16.7 16.9 | 1.0232 | 1.0232 1, 0233 
15. 00-15. 10 23.0 ier 16.8 1588 | 1.0232 | 1.0232 1. 0230 
22. 00-22. 10 18.5 17.4 AZL 16.2 | 1.0282 | 1.0232 1. 0231 
CICS ae UES is a 6. 05- 6.15 16.8 16.4 16.4 16.0 | 1.0232 | 1. 0233 1, 0232 
14. 00-14. 10 22.0 ale b iy ew 17.5 | 1.0233 | 1.0234 1. 0237 
22. 00-22. 10 20. 5 17.5 16.8 16.5 | 1.0234 | 1.0233 1. 0233. 
CA by? 5 Pens een aoe 6. 05- 6.15 19.1 17.0 16.6 15.0 | 1.0236 | 1.0235 1, 023% 
3. 00- 3.10 28.1 L705 17.0 16.8 | 1.0229 | 1.0226 1. 0226) 
10. 00-10. 15 24.1 bey, 16.5 15.3 | 1.0232 | 1.0233 1. 0232 
AIG Lb yr ha ane ae 6. 10- 6. 20 21,1 19.5 18.4 16.5 | 1.0234 | 1.0234 1. 0234 
15. 00-15. 10 29. 5 18.2 16.8 16.3 | 1.0229 | 1.0228 1. 0228 
22. 00-22. 10 23.0 702 16.8 16.7 | 1.0231 | 1.0232 1. 0231 
SLY oon ane 6. 10- 6.20 19.2 17.5 16.5 16.5 | 1.0286 | 1.0233 | 1.0234 
14. 00-14. 10 19.5 18.1 17.3 16.1 | 1.0231 | 1.0230 1. 0229 
22. 00-22. 10 7A 16.2 13..2 12.5 | 1.0232 | 1.0231 1. 0230 
9. 25- 9.35 18. 2 13. 2 13.8 11.5 | 1.0236 | 1.0232 1. 0230 
1yidean Regan td ee as OR ED ie) Pesan PE 1. 0233 | 1. 0233 1. 0233 
(11 ft.) | (28 ft.) | (46 ft.) | (11 ft.) | (28 ft.) | (46 ft.) 
ay 2 Ly 86 2).5 2 3 oy. 3.10- 3.20 14.8 15. 6 15.6 15.6 | 1.0233 | 1.0238 £ vee 
10. 10-10. 20 14.5 14.1 14.5 14.7 | 1.0238 | 1.0241 1, 0249 
Oly Gf eet 6. 10- 6. 20 15.0 15.7 15.5 15.7 | 1.0244 | 1.0242 1. 0246 
. 2.10— 2.20 15.5 15.6 15.5 15.4 | 1.0288 | 1.0238 1. 0233 
yl Gerri <2 a) eet gt ee eee eee 1. 0238 | 1.0240 | 1.0241 
i 
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U.S. COAST AND GEODETIC SURVEY 


TaBLe 44,—Temperature and density of sea water, Boston Harbor, 1926—Contd. 


Station No. 


W 26, ccesu~ 


Wi28enasesve 


Wie0Lcc.ccee 


Temperature, °C. 
Date Time Density 
Air Water 
1926 (4ft.) | 2 ft.) | (20 ft.) | (6 ft.) | 12 ft.) | (20 ft.) 
JUN Ns. as fee 8 2. 00- 2.10 19.0 13.0 18.5 13.5 | 1.0235 | 1.0231 1. 0232 
10. 00-10. 10 17.0 14.0 13.8 13.8 | 1.0236 | 1.0236 1. 0232 
yune192. 5.22...) 6:00— 6.10 15.0 13.8 | 13.6 13.5 | 1.0234 | 1.0236 1. 0232 
MeANS..232,|corasekenasea| 2 tcuee (eeumeee a | Se aeeee a soe ae 1, 0235 | 1.0234 | 1. 0282 
(2ft.) | ft.) | (Ost. | (eft.) " 6ft.) “(10ft.) ) 
JUNGASS Sos eS 3. 20- 3.35 17.0 17.5 17.7 | 17.5 | 1.02383 | 1.0234 1. 0232 
22. 10-22. 23 15.3 17.1 17,4 17.1 | 1.0224 | 1.0224 1. 0226 
PuTIE1 9. 33 Ss 6.17- 6.25 13.0 14.8 14.8 14.7 | 1.0230 | 1.0250 | 1.0228 
MGans ...222|secee canteens osal hab slsente ceclteee ones aee eee J.0229 | 1.0236 | 1.0229 
(Sft.) | (8ft.) | 12ft.) | ft.) | (ft) | deft. 
VUNG Qo oes ee 14, 10-14. 20 20.8 14.6 13.8 12.8 | 1.0230 | 1.0231 1. 0235 
22. 00-22. 10 Lise 12.6 12.2; 11.8 | 1.0234 | 1.0233 1. 0232 
JUNC 26s as 6. 10- 6.12 20. 0 15.3 15.3 | 14.4 | 1.0228 | 1.0229 1. 0231 
TUL Sseen ote tees 10. 10-10. 20 20. 1, 15.0 16.4 14.5 | 1.0257 | 1.0251 1. 0244 
July. Ot Ssees zee? 6. 10- 6. 20 18.5 16.4 16.4 16.4 | 1.0238 | 1.0248 | 1.0252 
2.10- 2.20 18.9 15.1 16.4 16.4 | 1.0240 | 1.0240 1. 0244 
Means: .2::|2nccererenrae| senasees seen ses bona see ee eeee 1.0238 | 1.0289 | 1.0240 
(3ft.) | (8ft.) | U4ft.) | Gt.) | Bft.) | U4ft. 
June 252 ss eeee. 14, 12-14. 22 21.5 21.8 21.8 | 15.9 | 1.0234 | 1.0231 1. 0231 ° 
22. 20-22. 40 17. 5 15.2 14.9 | 14.6 | 1.0242 | 1.0246 1. 0240 
UUNC hes s-sseeeeee 6.45- 6.55 16.5 15.9 15.9 14.9 | 1.0239 | 1.0241 | 1.0238 
MGANS 2-32 leponseccecdeon|scoe cess] ene ete sl sense een pean oeee 1. 0238 | 1.0239 1. 0236 
(7ft.) | (18 ft.) (27 ft.) | (7 ft.) | (18 ft.) | (27 ft.) 
DUNC WO see ee 14. 10-14. 35 e5 13.9 14.8 | 14.4 | 1.0239 | 1.0240 1. 0236 
22. 10-22. 20 18.8 17.2 15.2 14.2 | 1.0234 | 1.0230 | 1.0230 
JUNewOs=sce-= 22.5 6.15- 6.25 17.2 15.6 14.2 | 14.0 | 1.0260 | 1.0244 1. 0237 
Means 22sec |sasesensssennlosscoses saeee see |a- aoe alae eee 1. 0244 | 1.0288 | 1.0234 
G4ft.) | U0ft.) | (16 ft.) | Gft.) | G0 ft.) eft) ), 
June 30..-........| 22. 18-22. 45 19.5 18.2 16. 15.8 | 1.0228 | 1.0228 
Julypl ee ee eS 1, 50— 2. 22 17.5 18.4 16.3 15.7 | 1.0236 | 1.0231 * Hee 
6.10- 6. 20 15.6 16.0 14.8 14.8 | 1.0240 | 1.0235 1. 0235 
14. 10-14. 20 18.4 16.7 15.0 15.0 | 1.0231 | 1.0231 1. 0232 
Means 22.2: |sss-sencnseos| sue ewee| conc aene| eee aioe eee 1. 0234 | 1.0231 | 1.02385 
(2ft.) | (6ft.) | 10ft.) | (eft.) | ft.) | (10 ft.) 
JUNG BOs: see a 14. 05-14. 12 27.4 17.0 16. 16.0 | 1.0218 | 1.0220 1. 0224 
22. 05-22. 15 16.4 16.4 16.1) 15.8 | 1.0215 | 1.0218 1. 0221 
Vlahos eee ee 6. 05- 6.15 16.3 15.8 16.0 15.7 | 1.0219 | 1.0222 | 1.0226 
Means. -:-=-|22-s-----5-55}-c-cecsa|a=n6 seen sancoeeeeocossee 1.0217 | 1.0220 | 1.0224 
(6ft.) | (16 ft.) | (26 ft.) | (6 ft.) | (16 ft.) | (26 ft.) 
JolyM4e so see once 2.10— 2.20 14,4 16. 16. 15.5 | 1.0238 | 1.0237 1, 0237 
10. 10-10. 20 15.6 16.7 16.6 16.6 | 1.0239 | 1.0243 1. 0240 
JUlyd 5. os eSeec=— 6. 10- 6. 20 15.5 16. 2 15.9 15.7 | 1.0251 | 1.0244 1. 0244 
Means 22... |-she-ocnbeces|aeseanen neeteen]|seamet ols cote 1. 0243 | 1.0241 | 1.0240 
(Sft.) | (8ft.) | (12ft.) | (Sft.) | (8ft) | U2ft.) 
PUL yea ee 14. 00-14. 30 18.0 16. 2 15.7 15.7 | 1.0240 | 1.0238 | 1.0234 
Pd aes eee 6.15- 6.45 15.3 16.6 16.5 16.5 | 1.0237 | 1.0237 1. 0237 
IMG@ANS Se occ 6|anoece ec e ee|Cooeerenleeeteens|-eveanaaloeaeaeee 1.0238 | 1.0238 | 1. _ 1.0236 
(7ft.) | 6 ft.) | (26 ft.) | (7 ft.) | (16 ft.) aft). ) 
JULY C19 os a cace ne 2.10- 2.20 20.0 19. 18. 19.0 | 1.0232 | 1.0229 
10. 15-10. 25 19.3 18.5 18.5 18.3 | 1.0235 | 1.0255 i cone 
WUlye20hss sooo ee 6. 10- 6. 20 171 17.2 16.9 16.7 | 1.0234 | 1.0235 1. 0233 
Means: 22c52|-s2sseeesaa| es seteelaens-- 4 | sense asl sae eeeae 1.0234 | 1.0240 | 1.0231 
(7ft.) | (17 ft.) | (28 ft.) | (7 ft.) | U7 ft.) | (28 ft.) 
Julyessesekse se 14, 35-14. 45 22.0 18.1 17. 18. 1.0238 | 1.0238 | 1.0237 
22. 10-22. 30 18.5 18.5 18. 2 18.2 | 1.0235 | 1.0233 | 1.0233 
ETT hae. | eae ce are 6.40- 6.55 18.0 16.9 16.8 16.8 | 1.0238 | 1.0236 | 1.0236 
14, 10-14. 25 30. 0 18.8 18.0 17.5 | 1.0256 | 1.0259 1.0244 
22. 10-22, 25 21.8 18.3 18.2 18.0 | 1.0230 | 1.0231 1. 0233 
Means...-... Sees seaGun| se raraes | Setetacn| aoe kien| sont ece 1.0239 | 1.0239 | 1.0237 
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TABLE 44.—Temperature and density of sea water, Boston Harbor, 1926—Contd. 


Station No. 


Temperature, °C. 
Date Time Density 
Air Water 

1926 (4ft.) | (8ft.) | U8 ft) | (ft) | (8ft) | Us ft) 
Joly es ee 14.15-14.25| 29.0] 195] 20. 19.5 | 1.0238 | 1.0232 | 1.0234 
22,10-22.25| 22.3] 185] 18.5] °18.6 | 1.0233 | 1.0233] 1.0235 
pulyeis to 8 6.10- 6.20] 20.8] 185] 182] 18.0! 1.0232 | 1.0232] 1.0229 
Te GAY) SR SR se ete eet [ee ey [RS Oa A A eee Ba vi. 0234 | 1.0232 | 1.0233 
(7ft.) | (17 aft) “(e8ft.) | (7ft.) | (17 ft.) | (@8ft.) 
ly; See ae a 10.10-10.20} 16.0] 17.0) 16.0] 16.6 | 1.0234 | 1.0234] 1.0237 
aly Los ce ee 5.10- 5.20) 17.2] 165] 16.5] 16.0 1.0234 | 1.0240/ 1.0231 
MMiearis stele sot ci aad ck |S ee thas iid Let Re 1.0234 | 1.0237 | 1.0234 
(7 ft.) | (17 ft.) | (7 ft.) | (7 Ft.) | a7 Ft | (27 ft.) 
Taal yalyece. asia 7.20- 7.50) 19.0]. 165] 16.5] 16.2] 1.0232) 1.0234| 1.0235 
15.00-15.15 | 17.3] 16.5) 16.1} 16.0 1.0242 | 1.0241 | 1.0237 
Vioans ics: (Ceca Bes | DAC ep ef | oat (ae 1.0237 | 1.0238 | 1.0236 
(7ft.) | (7 ft.) | @8ft.) | (ft) | U7 ft) | 8 ft) 
Thoth aa eae | 10.10-10.20} 20.0] 20.0| 17. 17.0 | 1.0230 | 1.0234 | 1.0232 
| 14.40-14.55| 26.0] 17.1) 16.9] 16.3 | 1.0233 | 1.0233 | 1.0252 
Monnis) tee | aint oso ae Se eel 1.0232 | 1.0234 | 1.0242 
(4 ft.) “(1 ft.) “(17 ft) (4 ft.) | (11 ft.) ar ft) 

Tppiky Ope eee ee 2.10- 2.20] 37.5| 23. 92.5 | 21.0 | 1.0229 | 1.0229 
10.10-10.20| 26.8] 20.3/|. 19.4] 19.0] 1.0282 | 1.0234 i 0235 
qnlys23 see 6.10- 6.20] 27.0] 19.5| 19.5] 19.0! 1.0233 | 1.0231 | 1.0230 
ICS cP Sg SSI eee ese CR ae (Ea |e 1.0231 | 1.0231 | 1.0232 
(7 ft.) | (7 ft.) | @8ft) | (7 ft.) | U7 ft.) | (88 ft.) 
Tithe eee ae 2:00- 2.20 | 190) i8¢ 18.5 | 18.0] 1.0254 | 1.0260 | 1.0259 
10.10-10.20| 16.7] 18.2] 17.9] 17.5 1.0270 | 1.0260| 1.0255 
iota 7p eee eee 6.10- 6.20] 17.6] 180] 18.0] 18.5] 1.0258 | 1.0261 | 1.0263 
Vicaniseet sc. [seme oer RIA et Rive ELIE) A oer es | eae 1.0261 | 1.0260 | 1.0259 
(8 ft.) | (19ft.) | (80ft.) | (8ft.) | (A9ft.) | (80ft) 
TL yp Dee 14.15-14.25| 33.5] 225] 29, 21.5 | 1.0230 | 1.0225 | 1.0228 
| 22.10-22.25| 30.0] 20.5) 19.5 | 19.5 | 1.0231 | 1.0234] 1.0235 
Anthea | 6.15-6.25| 26.4] 19.2] 183] 18.2 1.0232 | 1.0233] 1.0229 
Tuy) 26 5.2 ps 14.15-14.45! 19.0] 18.5] 17.8| 17.8 | 1.0227 | 1.0229] 1.0232 
ME ypoTes So eels 5.45- 6.15! 16.9] 18.6] 17.6] 17.5 | 1.0227] 1.0232] 1.0237 
Gl te a HeGslo see! 18.8] 18.1 76:\) 17.3109. 0236" || TU oar ane me 
jure ee | 14.00-14.10/ 22.9] 17.7] 17.3] 17.0 | 1.0231 | 1.0231] 1.0230 
22.00-22.10| 19.5| 17.1| 16.8] 17.2] 1.0228 | 1.0229] 1.0229 
Thi ke ho ees 14.00-14.10| 16.1] 17.5) 17.0] 16.8 | 1.0228 | 1.0227] 1.0228 
| 22.00-22.10} 16.0| 17.5] 17.2] 16.8 | 1.0229 | 1.0230 | 1.0229 
cilyiS0s oe 6.05- 6.15| 17.8] 17.3] 17.2] 16.9 | 1.0229 | 1.0229] 1.0229 
14.00-14.10} 180] 17.6| 17.0] 16.2] 1.0215 | 1.0224 | 1.0226 
22, 00-22.10| 15.5| 17.5] 16.9] 16.2] 1.0208 | 1.0212] 1.0213 
WEGATIS pees Soe ee Se SI ae a 1, 0227 | 1.0228 | 1.0229 
———_ = = = eae ee || 
(7 ft.) | U7 ft. | (aft) | (ft) | 27 ft) | (28 ft) 
Talkie Oy pe ate eee 14.20-14.40! 23.0] 18.0) 17.5| 17.5! 1.0252 | 1.0250] 1.0253 
22, 10-22.20| 21.3] 18.5] 18.0] 17.3 | 1.0230 | 1.0227| 1.0229 
6.102 6.20] 17.5] 17.5] 17.5] 17.5 | 1.0227 | 1.0224] 1.0226 
NVA someon bor iweres wale ube ena ee 1.0236 | 1.0234 | 1.0236 
(7 ft.) | U7 ft.) | (28 ft) | ft) | a7 ft.)| (8 ft) 
lye 28e-catsn sa 2.10- 2.25| 23.0] 18.0| 17.5] 17.3 | 1.0227 | 1.0228] 1.0226 
10.10-10.20} 20.9] 18.7] 18.1] 17.5] 1.0224 | 1.0221 | 1.0297 
IiGaTISe an eel aca ueate te [ari LIE Lite a 1.0226 | 1.0224 | 1.0226 
(7 ft.) | (18 Sift.) | | (28 ft) (7 ft.) | (18 ft.) | (28 ft.) 
Galys28eee swe 13.45-14.25 | 24.0] 18.0] 17.7] 17.5 | 1.0231 | 1.0237 | 1.0247 
ailygous sti wcnss. 14.00-14.15: 15.0] 17.8| 17.6] 17.5 | 1.0238 | 1.0231] 1.0229 
[Sine rinmeeeey tem sige shea (ees th ales gia ES Nee 1.0234 | 1.0234 | 1.0238 
ft.) | a6 ft) | (@éft.) | ft) | “6st. | 26 ft.) 
tly Oo ee -| 6.10- 6.20} 18.0] i8.0| 18.0] 17.5 | 1.0226 | 1.0229 | °1,0229 
10.10-10.20| 15.5| 17.8] 17.4] 17.2] 1.0224 | 1.0228] 1.0227 
Q10=02517 | 16401) 17201) D701) U740) 9140225) | 180231)" 140231 
Mipanseienee eae Sis eee Se ee ANGEL 1.0225 | 1,0229 | 1.0229 
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TABLE 44.—Temperature and density of sea water, Boston Harbor, 1926—Conid. 


Station No. 


Date 


Titi s0toes See 


Lys 20 ees EE 
cited bps (0 Fess arena ee 


Means. _---- 


Temperature, °C. 


Time Density 
Air Water 

(7 ft.) | a7 ft) | (8st | (ft) | a7 ft) (28 ft). 

10.10-10.20| 15.5| 17.8| 17.3] 17.0] 1.0215 | 1.0216 
6.10- 6.20| 15.0| 17.5] 17.0] 17.0] 1.0218 | 1.0218 mT 
2.05- 2.15| 17.0] 17.3] 17.0] 16.8 | 1.0223 | 1.0214 | 1.0224 
yale etna till eles dl ee eo Lee 1.0219 | 1.0216 | 1.0219 
(6 ft.) | (16 ft. | (26 ft.) | 6 ft) | 6st.) | (26 ft.) 
6.10- 6.20| 181] i80| 17. 17.5 | 1.0226 | 1.0226 | 1.0226 
10.10-10.20| 16.8) 17.6| 17.4| 17.4] 1.0227 | 1.0227! 1.0226 
2.10- 2.20! 160] 17.5| 17.0] 17.0] 1.0230 | 1.0281 | 1.0231 
aie Siro em eke diarge. A ce aie See 1. 0228 | 1.0228 | 1.0228 
(7 ft) | 18 ft.) | @8ft) | (7ft) | U8 ft.) | 8 ft) 
22. 00-22, 15 |.----.-- i7.8|  17.7| 17.5 | 1.0229 | 1.0232 | 1.0232 
14.00-14.15| 19.0! 17.8] 17.4| 17.0 | 1.0218 | 1.0226] 1.0227 
BA eng Fabia end haek Sal] 2 tO ee 1.0224 | 1.0229 | 1.0230 

| a | (a 
| (7 ft.) | U7 ft.) | 8 ft.) | (ft) | a7 ft.) | @8 ft) 
6.10- 6.20| 17.0] i80]| 17.5] 17.5] 1.0224 | 1.0225 | 1.0226 
10.10-10.20| 19.0| 182] 18.0] 17.8 | 1.0219 | 1.0220] 1.0216 
2.10- 2.25| 23.0! 17.5] 17.5] 17.3-| 1.0227 | 1.0228 | 1.0229 
Ses set STS |--------|.-.--2--|-----~--] 1. 0228) eee 
| (7 ft.) |-(8 8st) (28 ft.) | (7 7 ft) (18 ft.) |(28 ft.) 
22. 05-22.40| 15.5| i182] 17.8] 17.2] 1.0223 | 1.0226 | 1.0224 
6.45- 7.00} 15.8] 17.4] 17.2] 16.3 | 1.0226 | 1.0226| 1.0226 
13.45-14.10| 20.0| 17.7] 168] 16.6 | 1.0224 | 1.0229| 1.0228 
PE Sy ee Boas ee eel pees oe eee Se kan OS 2 1.0224 | 1.0227 | 1.0226 
| (5 ft.) | deft) | @oft) | ft) | deft) | @Oft) 
14. 25-14, 45 | 25:3 18.0 17.16, 16..9. | 1. O22L G02 24 eee 
6.00- 6.15| 23.0! 17.6] 17.1{ 16.7 | 1.0221 | 1.0225 | 1.0227 
13.45-14.00 | 321] 192] 182] 180] 1.0226 | 1.0220] 1.0223 
Loitery Db Peyey a ne ry i 
(6 ft.) | (4 ft.) | (23 ft.) “(6 ft) (14 ft.) (28 ft.) 
2.10- 2.20/ 25.8| i80] 17.7] 17.5] 1.0220 | 1.0222 | 1.0221 
10.10-10.20| 23.5| 20.0] 19.5] 20.5 | 1.0222 | 1.0225 | 1.0226 
6.20- 6.35| 23.1| 17.7] 17.5] 17.5 | 1.0224 | 1.0224] 1.0226 
BO eed Sen UP Sa (PS PLA rN pr 1. 0222 | 1.0224 | 1.0224 
(18 ft.) | 45 ft.) | (72 ft.) | a8 ft.) | Gb ft. | (72 ft) 
21.15-21.30, 199] 146] 12.1] 11.9 | 1.0238 | 1.0238 | 1.0236 
6.10- 6.50 21.7| 15.5] 143] 10.9 1.0233 | 1.0238 | 1.0235 
22. 10-22. 25 18.7 125 12.7 10.6 | 1.0246 | 1.0241 1. 0236 
6.00- 6.15! 17.8| 16.8] 15.3] 14.7! 1.0237 | 1.0235 | 1.0240 
14.20-14.55/ 20.7] 169! 15.0] 13.3 | 1.0234 | 1.0231 | 1.0235 
LEE 4 Sill | i i PM 
a ——<———[—[S or 
(8 ft.) | (20 ft.) | (2 ft.) | (8 ft.) | (@0Fft.) | (82 ft.) 
10. 10-10. 20 17.0 17.0 17.0 16.5 | 1.0233 | 1.0234 1. 0235 
6. 10— 6. 20 21.5 17.2 17.0 16.5 | 1.0235 | 1.0235 1. 0236 
2.10— 2. 20 20.9 18.5 7:3 17.0 | 1.0237 | 1.0238 1. 0231 
10. 10-10. 20 | 18.5 Wd 16.5 16.0 | 1.0233 | 1.0234 1. 0235 
6. 30- 6. 40 21.0 18.0 18.0 18.0 | 1.0246 | 1.0244 1. 0244 
2. 10— 2. 20 | 24.5 17.8 Lit 17..5.| 10267 | Dea 1. 0265 
ERE Ce ee et ei ta eee 1. 0242 | 1.0241 | 1.0241 
| (3 ft.) | (8ft.) | Usft) | (ft) | (ft) | A8ft) 
21.30-21.45| 17.5| 185, 17.5| 17.5 | 1.0234] 1.0236] 1.0232 
6.15- 6.30| 17.5| 19.9! 180] 17.8| 1.0234] 1.0285] 1.0234 
14.45-15.00/ 195) 182) 17.8{ 17.3 | 1.0236 | 1.0237} 1.0236 
orice t a ol RN oe ks 7 | ies neh Mera 1. 0235 | 1.0236 | 1. 0234 
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TaBLE 44.—Temperature and density of sea water, Boston Harbor, 1926—Contd. 


Station No. Date 
1926 
Wires: | tC es 
ANB s 4.52 se ac 
AMIE. Geo 
Means 
\\ di ee ToC CRY jk See 
\ (1 ee PTI Qe et 
Auge10.25.2 
Means 


Time 


10. 10-10. 20 
6. 10- 6. 20 
2.10- 2. 20 

10. 10-10. 20 
6. 10- 6. 20 
2. 10- 2. 20 


6. 15- 6. 50 


10. 10-10. 20 
3. 10- 3. 20 


Temperature, °C. 


Air Water 


Density 


(12 ft.) | (90 ft.) | (48 ft.) 
185| 19.0| 190 


19.0| 147] 145] 140 
10:2, )4716.00)e da.8.| 12.0 
(S ft.) | (8ft.) | (18 ft.) 
WDlO AO |W TAT | 1nG 
Gft.) | (11 ft.) | (18 ft.) 
23.0| 196] 196] 19.4 
21.0| 18.0 


17.5 17.5 


(12 ft.) 
1, 0237 
1, 0227 
1, 0232 
1. 0235 
1, 0235 
1. 0231 


1, 0233 


(3 ft.) 
1. 0235 


(4 ft.) 
1. 0267 
1. 0265 


(30 ft.) | (48 ft.) 
1.0240 | 1.0241 


1. 0225 
1. 0229 
1. 0236 
1. 0236 
1. 02382 


1. 0233 
(8 ft.) 


(11 ft.) 


1. 0268 | 


1. 0261 
1. 0264 


1, 0223 
1, 0228 
1. 0236 
1. 0238 
1. 0234 


1. 0233 


| (18 ft.) 
1. 0236 | 


1, 0235 

(18 ft.) 
1. 0264 
1. 0259 


1. 0262 


For reference to above table, see p. 28. 


APPENDIX 
GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 


[Reprinted from United States Coast and Geodetic Survey Special Publication No, 111] 
I. TIDES, GENERAL CHARACTERISTICS 
DEFINITIONS 


The tide is the name given to the alternate rising and falling of the level of 
the sea which at most places occurs twice daily. The striking feature of the 
tide is its intimate relation to the movement of the moon. High water and low 
water at any given place follow the moon’s meridian passage by a very nearly 
constant interval, and since the moon in its apparent movement around the 
earth crosses a given meridian, on the average, 50 minutes later each day, the 
tide at most places likewise comes later each day by 50 minutes, on the average. 
The tidal day, like the lunar day, therefore, has an average length of 24 hours 
and 50 minutes. 

With respect to the tide, the ‘‘moon’s meridian passage” has a special signifi- 
cance. It refers not only to the instant when the moon is directly above the 
meridian, but also to the instant when the moon is directly below the meridian, 
or 180° distant in longitude. In this sense there are two meridian passages in a 
tidal day, and they are distinguished by being referred to as the upper and lower 
meridian passages or upper and lower transits. 

The interval between the moon’s meridian passage (upper or lower) and the 
following high water is known as the “‘high-water lunitidal interval.” Likewise 
the interval between the moon’s meridian passage and the following low water 
is known as the “low-water lunitidal interval.’”’ For short they are called, 
respectively, high-water interval and low-water interval and abbreviated as 
follows: HWI and LWI. 

In its rising and falling the tide is accompanied by a horizontal forward and 
backward movement of the water, called the tidal current. The two move- 
ments—the vertical rise and fall of the tide and the horizontal forward and 
backward movement of the tidal current—are intimately related, forming parts 
of the same phenomenon brought about by the tidal forces of sun and moon. 

It is necessary, however, to distinguish clearly between tide and tidal current, 
for the relation between them is not a simple one nor is it everywhere the same. 
At one place a strong current may accompany a tide having a very moderate 
rise and fall while at another place a like rise and fall may be accompanied by 
a very weak current. Furthermore, the time relations between current and tide 
vary widely from place to place. For the sake of clearness, therefore, tide - 
should be used to designate the vertical movement of the water and tidal current 
the horizontal movement. 

It is convenient to have a single term to designate the whole phenomenon 
which includes tides and tidal currents. Unfortunately no such distinct term 
exists. For years, however, “the tide” or ‘‘the tides,’”’ or even “‘flood and ebb,” 
have been used in this general sense, and usually no confusion arises from this 
usage, since the context indicates the sense intended; but the use of the term 
“tide” to denote the horizontal movement of the water is confusing and is to be 
discouraged. 

With respect to the rise and fall of the water due to the tide, high water and 
low water have precise meanings. They refer not so much to the height of the 
water as to the phase of the tide. High water is the maximum height reached 
py each rising tide and low water the minimum height reached by each falling 
tide. 

It is important to note that it is not the absolute height of the water which 
is in question, for it is not at all infrequent at many places to have the low water 
of one day higher than the high water of another day. Whatever the height 
of the water, when the rise of the tide ceases and the fall is to begin, the tide is 
at high water; and when the fall of the tide ceases and the rise is to begin, the 
tide is at low water. The abbreviations HW and LW are frequently used to 
designate high and low water, respectively. 
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In its rising and falling the tide does not move at a uniform rate. From 
low water the tide begins rising, very slowly at first, but at a constantly increas- 
ing rate for about three hours, when the rate of rise is a maximum. The rise 
then continues at a constantly decreasing rate for the following three hours, 
when high water is reached and the rise ceases. The falling tide behaves in a 
similar manner, the rate of fall being least immediately after high water, but 
increasing constantly for about three hours, when it is at a maximum, and 
then decreasing for a period of three hours till low water is reached. 

The rate of rise and fall and other characteristics of the tide may best be 
studied by representing the rise and fall graphically. This may be done by 
reading the height of the tide at regular intervals on a fixed vertical staff gradu- 
ated to feet and tenths and plotting these heights to a suitable scale on cross- 
section paper and drawing a smooth curve through these points. A more con- 
venient method is to make use of an automatic tide gauge by means of which 
the rise and fall of the tide is recorded on a sheet of paper as a continuous curve 
drawn to a suitable scale. Figure A shows a tide curve for Fo1t Hamilton, 
N. Y., for July 4, 1922. 

In Figure A the figures from 0 to 24, increasing from left to right, represent 
the hours of the day beginning with midnight. Numbering the hours cone 
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Fic. A.—Tide curve for Fort Hamilton, N. Y., July 4, 1922 


secutively to 24 eliminates all uncertainty as to whether morning or afternoon 
is meant and has the further advantage of great convenience in computation. 
The figures on the left, increasing upward from 2.0 to 9.0 represent the height 
of the tide in feet as referred to a fixed vertical staff. The tide curve presents 
the well-known form of the sine or cosine curve. 

The difference in height between a high water and 2 preceding or following 
low water is known as the ‘‘range of tide” or ‘‘range.’’? ‘The average difference 
in the heights of high and low water at any Bien place is called the mean range. 


THE TIDE-PRODUCING FORCES 


The intensity with which the sun (or moon) attracts a particle of matter on 
the earth varies inversely as the square of the distance. For the solid earth as 
a whole the distance is obviously to be measured from the center of the earth, 
since that is the center of mass of the whole body. But the waters of the earth, 
which may be considered as lying on the surface of the earth, are on the one 
side of the earth nearer to the heavenly bodies and on the other side farther away 
than the center of the earth. The attraction of sun or moon for the waters 
of the ocean is thus different in intensity from the attraction for the solid earth 
as a whole, and these differences of attraction give rise to the forces that cause 
the ocean waters to move relative to the solid earth and bring about the tides. 
These forces are called the tide-producing forces. 
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The mathematical development of these forces shows that the tide-producing 
force of a heavenly body varies directly as its mass and inversely as the cube 
of its distance from the earth. The sun has a mass about 26,000,000 times as 
great as that of the moon; but it is 389 times as far away from the earth. Its— 
tide-producing force is therefore to that of the moon as 26,000,000 is to (389)8, 
or somewhat less than one-half. 

When the relative motions of the earth, moon, and sun are introduced into the 
equations of the tide-producing forces, it is found that the tide-producing forces 
of both sun and moon group themselves into three classes: (a2) Those having a 
period of approximately half a day, known as the semidiurnal forces; (b) those 
having a period of approximately one day, known as diurnal forces; (c) those 
having a period of half a month or more, known as long-period forces. 

The distribution of the tidal forces over the earth takes place in a regular 
manner, varying with the latitude. But the response of the various seas to 
these forces is very profoundly modified by terrestrial features. As a result 
we find the tides, as they actually occur, differing markedly at various places, 
but apparently with no regard to latitude. 

The principal tide-producing forces are the semidiurnal forces. These forces 
go through two complete cycles in a tidal day, and it is because of the pre- 
dominance of these semidaily forces that there are at most places two complete 
tidal cycles, and therefore two high and two low waters in a tidal day. 


VARIATIONS IN RANGE 


The range of the tide at any given place is not constant but varies from day 
to day; indeed, it is exceptional to find consecutive ranges equal. Obviously 
changing meteorological conditions will find reflection in variations of range, 
but the principal variations are due to astronomic causes, being brought about 
by variations in the position of the moon relative to earth and sun. 

At times of new moon and full moon the tidal forces of moon and sun are 
acting in the same direction. High water then rises higher and low water falls 
lower than usual, so that the range of the tide at such times is greater than 
the average. The tides at such times are called ‘‘spring tides,’’ and the range 
of the tide is then known as the “‘spring range.”’ 

When the moon is in its first and third quarters, the tidal forces of sun and 
moon are opposed and the tide does not rise as high nor fall as low as the 
average. At such times the tides are called ‘‘neap tides,’ and the range of 
tne tide then is known as the ‘“‘neap range.” 

It is to be noted, however, that at most places there is a lag of a day or two 
between the occurrence of spring or neap tides and the corresponding phases 
of the moon; that is, spring tides do not occur on the days of full and new moon, 
but a day or two later. Likewise neap tides follow the moon’s first and third 
quarters after an interval of a day or two. This lag in the response of the tide 
is known as the “age of phase inequality” or ‘‘phase age” and is generally 
ascribed to the effects of friction. . 

- The varying distance of the moon from the earth likewise affects the range of 
the tide. In its movement around the earth the moon describes an ellipse in a 
period of approximately 2714 days. When the moon is in perigee, or nearest the 
earth, its tide-producing power is increased, resulting in an increased rise and 
fall of the tide. ‘These tides are known as ‘‘perigean tides,” and the range at 
such times is called the ‘‘perigean range.’”’ When the moon is farthest from the 
earth, its tide-producing power is diminished, the tides at such times exhibiting 
a decreased rise and fall. These tides are called ‘‘apogean tides’? and the 
corresponding range the ‘‘apogean range.”’ 

In the response to the moon’s change in position from perigee to apogee, it is 
found that, like the responses in the case of spring and neap tides, there is a 
lag in the occurrence of perigean and apogean tides. The greatest rise and 
fall does not come on the day when the moon is in perigee, but a day or two 
later. Likewise, the least rise and fall does not occur on the day of the moon’s 
apogee, but a day or two later. This interval varies somewhat from place to 
place, and in some regions it may have a negative value. This lag is known 
as the ‘‘age of parallax inequality” or “‘parallax age.”’ 

The moon does not move in the plane of the Equator but in an orbit making 
an angle with that plane of approximately 2314°. During the month, there- 
fore, the moon’s declination is constantly changing, and this change in the posi- 
tion of the moon produces a variation in the consecutive ranges of the tide. 
When the moon is on or close to the Equator—that is, when its declination is 
small—consecutive ranges do not differ much, morning and afternoon tides be- 
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ing very much alike. As the declination increases the difference in consecutive 
ranges increases, morning and afternoon tides beginning to show decided 
differences, and at the times of the moon’s maximum semimonthly declination 
these differences are very nearly at a maximum. But like the response to 
changes in the moon’s phase and parallax, there is a lag in the response to 
the change in declination, this lag being known asthe ‘‘age of diurnal inequality” 
or ‘diurnal age.’”’ Like the phase and parallax ages, the diurnal age varies 
from place to place, being generally about one day, but in some places it may 
have a negative value. 

When the moon is on or close to the Equator and the difference between 
morning and afternoon tides small, the tides are known as “‘equatorial tides’’. 
At the times of the moon’s maximum semimonthly declination, when the differ- 
ences between morning and afternoon tides are at a maximum, the tides are 
called ‘‘tropic tides,’ since the moon is then near one of the Tropics. 

The three variations in the range of the tide noted above are exhibited by the 
tide the world over, but not everywhere to the same degree. In many regions 
the variation from neaps to springs is the principal variation; in certain regions 
it is the variation from apogee to perigee that is the principal variation; and 
in other regions it is the variation from equatorial to tropic tides that is the 
predominant variation. 

The month of the moon’s phases (the synodical month) is approximately 
2914 days in length; the month of the moon’s distance (the anomalistic month) 
is approximately 2714 days in length; the month of the moon’s declination (the 
tropic month) is approximately 2714 days in length. It follows, therefore, that 
very consideralbe variation in the range of the tide occurs during a year due 
to the changing relations of the three variations to each other. 


DIURNAL INEQUALITY 


The difference between morning and afternoon tides due to the declination of 
the moon is known as diurnal inequality, and where the diurnal inequality is 
considerable the rise and fall of the tide is affected to a very marked degree both 
in time and in height. Figure B represents graphically the differences in the 
tide at San Francisco on October 18 and 24, 1922. On the former date the moon 
was over the Equator, while on the latter date the moon was at its maximum 
south declination for the month. The upper diagram thus represents the equa- 
torial tide for San Francisco, while the lower diagram represents the tropic tide. 

It will be noted that on October 18 the morning and afternoon tides show very 
close resemblance. In both cases the rise from low water to high water and the 
fall from high water to low water took place in approximately six hours. The 
heights to which the two high waters attained were very nearly the same, and 
likewise the depressions of the two low waters. 

On October 24, when the moon attained its extreme declination for the fort- 
night, tropic tides occurred. The characteristics of the rise and fall of the tide 
on that day differ markedly from those on the 18th, when the equatorial tides 
occurred, these differences pertaining both to the time and the height. Instead 
of approximately equal duration of rise and of fall of six hours, both morning 
and afternoon, as was the case on the 18th, we now have the morning rise occupy- 
ing less time than the afternoon rise and the morning fall more time than the 
evening fall. Even more striking are the differences in extent of rise and fall of 
morning and afternoon tides. The tide curve shows that there was a difference 
of a foot in the two high waters of the 24th and a difference of almost 3 feet in 
the low waters. 

Definite names have been given to each of the two high and two low waters 
of a tidal day. Of the high waters, the higher is called the ‘‘higher high water” 
and the lower the “lower high water.’’ Likewise, of the two low waters of any 
tidal day the lower is called ‘‘lower low water”’ and the higher ‘“‘ higher low water.” 

The diurnal inequality may be related directly to the ratio of the tides brought 
about, respectively, by the diurnal and semidiurnal tide-producing forces. Those 
bodies of water which offer relatively little response to the diurnal forces will 
exhibit but little diurnal inequality, while those bodies which offer relatively 
considerable response to these diurnal forces will exhibit considerable diurnal 
inequality. On the Atlantic coast of the United States there is relatively little 
diurnal inequality, while on the Pacific coast there is considerable inequality. 

It is obvious that with increasing diurnal inequality the lower high water and 
higher low water tend to become equal and merge. When this occurs there is 
but one high and one low water in a tidal day instead of two. This occurs 
frequently at Galveston, Tex., and at a number of other places. 
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TYPES OF TIDE 


From place to place the characteristics of the rise and fall of the tide generally 
differ in one or more respects; but according to the predominating features the 
various kinds of tide may be grouped under three types, namely, semidiurnal, 
diurnal, and mixed. Instead of semidiurnal and diurnal the terms “‘semidaily”’ 
and ‘‘daily”’ are frequently used. 

The semidiurnal type of tide is one in which two high and two low waters occur 
each tidal day with but little diurnal inequality; that is, morning and afternoon 
tides resemble each other closely. Figure A may be taken as representing this 
type of tide, and this is the type found on the Atlantic coast of the United States. 

In the diurnal type of tide but one high and one low water occur in a tidal day. 
Do-Son, French Indo-China, may be cited as a place where the tide is always of 
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Fic. B.—Tide curves, San Francisco, Calif., October 18 and 24, 1922 
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the daily type, but it is to be noted that there are not many such places. When 
the moon’s declination is zero the diurnal tidal forces tend to vanish, and there 
are generally two high and two low waters during the day at such times. Gal- 
veston, Tex., and Manila, P. I., may be mentioned as ports at which the tide is 
frequently diurnal, while St. Michael, Alaska, may be cited as a port at which 
the tide is largely diurnal. 

The mixed type of tide is one in which two high and two low waters occur 
during the tidal day but which exhibits marked diurnal inequality. Several 
forms may occur under this type. In one form the diurnal inequality is exhib- 
ited principally by the high waters; in another form it is the low waters which 
exhibit the greater inequality; or the diurnal inequality may be features of both 
high waters and low waters. 

It is to be noted that when the tide’ at any given place is assigned to any 
particular type, it refers to the characteristics of the predominating tide at that 
place. At the time of the moon’s maximum semimonthly declination the semi- 
diurnal type exhibits more or less diurnal inequality and thus approaches the 
mixed type; and when the moon is on or near the Equator the diurnal inequality 
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of the mixed type is at a minimum, the tide at such times resembling the semi- 
diurnal type. It is the characteristics of the predominating tide that determine 
the type of tide at any given place. With the aid of harmonic constants the type 
of tide may be defined by definite ratios of the semidiurnal to the diurnal 
constituents. 

Type of tide is intimately associated with diurnal inequality and hence depends 
on the relation of the semidiurnal to the diurnal tides; and it is the variation in 
this relation that makes possible the various forms of the mixed type of tide. 


HARMONIC CONSTANTS 


Since the tide is periodic in character, it may be regarded as the resultant of 
a number of simple harmonic movements. In other words, if h be the height of 
the tide, reckoned from sea level, then for any time t, we may write h=A cos 
(at+a)+B cos (bt+8)+ ... In the above formula each term represents 
a constituent of the tide which is defined by its amplitude or semirange, A, B, 
etc., by an angular speed, a, b, etc., and by an angle of constant value, a, 8, etc., 
which determines the relation of time of maximum height to the time of begin- 
ning of observation. 

We may also regard the matter from another viewpoint and suppose the moon 
and sun as tide-producing bodies to be replaced by a number of hypothetical 
tide-producing bodies, each of which moves around the earth in the plane of the 
Equator in a circular orbit with the earth as center. With the further assump- 
tion that each of these hypothetical tide-producing bodies gives rise to a simple 
tide, the high water of which occurs a certain number of hours after its upper 
meridian passage and the low water the same number of hours after its lower 
meridian passage, the oscillation produced by each of these simple tides may be 
written in the form h=A cos (at+a) as above. The great advantage of so 
regarding the tide is that it permits the complicated movements of sun and 
moon relative to the earth to be replaced by a number of simple movements. 

Each of the simple tides into which the tide of nature is resolved is called a 
component tide, or simply a component. The amplitudes or semiranges of the 
component tides, together with the angles which determine the relation of the 
high water of each of these component tides to some definite time origin and 
which are known as the epochs, constitute the harmonic constants. 

The periods of revolution of the hypothetical tidal bodies or the speeds of the 
various component tides are computed from astronomical data and depend only 
on the relative movements of sun, moon, and earth. These periods being inde- 
pendent of local conditions are therefore the same for all places on the surface 
of the earth; what remains to be determined for the various simple constituent 
tides is their epochs and amplitudes which vary from place to place according 
to the type, time, and range of the tide. The mathematical process by which 
these epochs and amplitudes are disentangled from tidal observations is known 
as the harmonic analysis. 

The number of simple constituent tides is theoretically large, but most of 
them are of such small magnitude that they may for all practical purposes be 
disregarded. In the prediction of tides it is necessary to take account of 20 to 
30, but the characteristics of the tide at any place may be determined easily 
from the 5 principal ones. 

It is obvious that the principal lunar tidal component will be one which gives 
two high and two low waters in a tidal day of 24 hours and 50 minutes, or more 
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This component has been given the symbol M». Likewise, the principal solar 
tidal component is one that gives two high and two low waters in a solar day of 


24 hours. Its angular speed per hour is therefore ane =30°,00. The symbol 


exactly in 24.84 hours. Its speed per solar hour, therefore, is 


for this principal solar component is Sy. 

Since the moon’s distance from the earth is not constant, being less than the 
average at perigee and greater at apogee, the period from one perigee to another 
being on the average 27.55 days, we must introduce another hypothetical tidal 
body, so that at perigee its high water will correspond with the M2 high water, 
and at apogee its low water will correspond with the M2 high water. In other 
words, the tidal component which is to take account of the moon’s perigean 
fe must, in a period of 13.78 days, lose 180° on Mz, or at the rate of 
fa yg7=13°.06 per day. Its hourly speed, therefore, is 28°,98—~5° 28°44. 
This component has been given the symbol N>. 
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The moon’s change in declination is taken account of by two components 
denoted by the symbols K; and O,. The speeds of these are determined by the 
following considerations: The average period from one maximum declination to 
another is a half tropic month, or 13.66 days. The speeds of these two compo- 
nents should, therefore, be such that when the moon is at its maximum declina- 
tion they shall both be at a maximum, and when the moon is on the Equator they 
shall neutralize each other; that is, in a period of 13.66 days K, shall gain on O; 

° 
one full revolution. The difference in their hourly speeds, therefore, is 24% 13.66 
=1°.098. The mean of the speeds of these two components must be that of 


the apparent diurnal movement of the moon about the earth, or ou a4, 49, 


a 


The speeds are therefore derived from the equations ——~—- = 14°.49 and K,—O, 


=1°.098, from which K;=15°.04 and O,;=13°.94. : 

It is customary to designate the amplitude of any component by the symbol of 
the component and the epoch by the symbol with a degree mark added. ‘Thus 
Mp, stands for the amplitude of the My, tide and M,° for the epoch of this tide. 
The five components enumerated above are the principal ones. Between 20 and 
30 components permit the prediction of the time and height of the tide at any 
given place with considerable precision. 

From the harmonic constants the characteristics of the tide at any place can 
be very readily determined.!_ The five principal constants alone permit the ap- 
_ proximate determination of the tidal characteristics very easily. Thus, approxi- 
mately, the mean range is 2M), spring range 2(M2+8,), neap range 2(My— 82), 
perigean range 2(M.+Nz:), apogean range 2(M2— Ng), ere inequality at time 


of tropic tides 2(K,+0,), high-water lunitidal interval ag og! 


of the tide can likewise be readily determined. Approximately, the ages in hours 
are: Phase age, S2°—M.°; parallax age, 2(M.°—N,°); diurnal age, K,°—O,°. 
The type of tide, too, may be determined from the harmonic constants through 


the ratio a TS Where this ratio is less than 0.25, the tide is of the semi- 


diurnal type: where the ratio is between 0.25 and 1.25, the tide is of the mixed 
type; and where the ratio is over 1.25, the tide is of the diurnal type. 

The periods of the various component tides, like the periods of the tide-produc- 
ing forces, group themselves into three classes. The tides in the first class have 
periods of approximately half a day and are known as semidiurnal tides; the 
periods of the tides in the second class are approximately one day, and these 
tides are known as diurnal tides; the tides in the third class have periods of 
half a month or more and are known as long-period tides. In shallow waters, 
due to the effects of decreased depth, the tides are modified and another class 
of simple tides is introduced having periods of less than half a day, and these 
are known as shallow-water tides. 

The class to which any component tide belongs is generally indicated by the 
subscript used in the notation for the component tides, the subscript giving the 
number of periods in a day. With long-period tides ‘generally no subscript is 
used; with semidiurnal tides the subscript is 2; with diurnal tides the subscript 
1Sele ‘and with shallow-water tides the subscript i is 3,4, or more. Thus Sa repre- 
sents a solar annual component, P; a solar diurnal component, M, a lunar semi- 
diurnal component, S; a solar shallow-water component with a period of one- 
quarter of a day, and Mg, a lunar shallow-water component with a period of 
one-sixth of a day. 


The various ages 


TIDAL DATUM PLANES 


Tidal planes of reference form the basis of all rational datum planes used 
in practical or scientific work. The advantage of the datum plane based on tidal 
determination lies not only in simplicity of ‘definition, but also in the fact that 
4 may be recovered at any time, even though all bench-mark connections be 
ost. 

The principal tidal plane is that of mean sea level, which may be defined as 
the plane about which the tide oscillates, or as the surface the sea would assume 
when undisturbed by the rise and fall of the tide. At any given place this 
plane may be determined by deriving the mean height of the tide. This is 


1See R. A. Harris, Manual of Tides, Pt. III (U. S. Coast and Geodetic Survey Report for 1894, 
Appendix n 
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perhaps best done by adding the hourly heights of the tide over a period of a 
year or more and deriving the mean hourly height. It is to be noted that in 
such a determination the mean sea level is not freed from the effects of prevailing 
wind, atmospheric pressure, and other meteorological conditions, 

The plane of mean sea level must be carefully distinguished from the plane 
of half-tide level or, as it is frequently called, mean-tide level. This latter - 
plane is one determined as the half sum of the high and low waters. It is therefore 
the plane that lies halfway between the planes of mean low water and mean high 
water. The plane of half-tide level does not, at most places on the open coast, 
differ by more than about a tenth of a foot from the plane of mean sea level, and 
where this difference is known the plane of mean sea level may be determined 
from that of half-tide level. Like all of the tidal planes, the plane of half-tide 
level should be determined by observations covering a period of a year or more. 

For many purposes the plane of mean low water is important. This plane 
at any given place is determined as the average of all the low waters during a 
period of a year or more. Where the diurnal inequality in the low waters is 
small, as on the Atlantic coast of the United States, this plane is frequently 
spoken of as the “low-water plane” or “‘the plane of low water”; but strictly 
it should be called the plane of mean low water. 

Where the tides exhibit considerable diurnal inequality in the low waters, 
as on the Pacific coast of the United States, the lower low waters may fall con- 
siderably below the plane of mean low water. In such places the plane of mean 
ower low water is preferable for most purposes. ‘This plane is determined as 
the average of all the lower low waters over a period of a year ormore. Where 
the tide is frequently diurnal, the single low water of the day is taken as the 
lower low water. 

The plane of mean high water is determined as the average of all the high 
waters over a period of a year or more. Where the diurnal inequality in the high 
waters is small, this plane is frequently spoken of as ‘“‘the plane of high water” 
or ‘‘the high-water plane.’”’ This usage may on occasion lead to confusion, and 
the denomination of this plane as the plane of mean high water is therefore 
preferable. 

In localities of considerable diurnal inequality in the high waters the higher 
high waters frequently rise considerably above the plane of mean high water. 
A higher plane is therefore of importance for many purposes, and the plane of 
higher high water is preferred. This plane is determined as the average of all 
the higher high waters for a period of a year or more. Where the tide is fre- 
quently diurnal, the single high water of the day is taken as the higher high water. 

The tidal planes described above are the principal ones and the ones most 
generally used. Other planes, however, are sometimes used. Where a very low 
plane is desired, the plane of mean spring low water is sometimes used, its name 
indicating that it is determined as the mean of the low waters occurring at spring 
tides. Another plane sometimes used, which is of interest because based on 
harmonic constants, is known as the harmonic tide plane and for any given place 
is determined as M,+8,+ K,+ 0; below mean sea level. 


MEAN VALUES 


Since the rise and fall of the tide varies from day to day, chiefly in accordance 
with the changing positions of sun and moon relative to the earth, any tidal 
quantities determined directly from a short series of tidal observations must be 
corrected to a mean value. The principal variations are those connected with 
the moon’s phase, parallax, and declination, the periods of which are approxi- 
mately 2914 days, 2714 days, and 2714 days, respectively. 

In a period of 29 days, therefore, the phase variation will have almost com- 
pleted a full cycle while the other variations will have gone through a full cycle 
and but very little more. Hence, for tidal quantities varying largely with the 
phase variation, tidal observations covering 29 days, or multiples, constitute a 
satisfactory period for determining these quantities. Such are the lunitidal 
intervals, the mean range, mean high water, and mean low water. For quantities 
varying largely with the declination of the moon, as, for example, higher high 
dae ad and lower low water, 27 days, or multiples, constitute the more satisfactory 
period. 

As will be seen in the detailed discussion of the tides at Fort Hamilton, the 
values determined from two different 29-day or 27-day periods may differ very 
considerably. This is dve to the fact that these periods are not exact synodic 
periocs for the different variations, and to the further fact that variations having 
periods greater than a month are not taken into account. Furthermore, meteoro- 
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logical conditions, which change from month to month, leave their impress 
on the tides. For accurate results the direct determination of the tidal datum 
planes and other tidal quantities should be based on a series of observations that 
cover a period of a year or preferably three years. Values derived from shorter 
series must be corrected to a mean value. 

Two methods may be employed for correcting the results of short series to a 
mean value. One method makes use of tabular values, determined both from 
theory and observation, for correcting for the different variations. The other 
method makes use of direct comparison with simultaneous observations at some 
near-by port for which mean values have been determined from a series of 
considerable length. 


II. TIDAL CURRENTS, GENERAL CHARACTERISTICS 
DEFINITIONS 


Tidal currents are the horizontal movements of the water that accompany the 
rising and falling of the tide. The horizontal movement of the tidal current 
and the vertical movement of the tide are intimately related parts of the same 
phenomenon brought about by the tide-producing forces of sun and moon, 
Tidal currents, like the tides, are therefore periodic. 
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Fia. C.—Velocity and direction curves for the current, Hudson River, July 22, 1922 


It is the periodicity of the tidal current that chiefly distinguishes it from other 
kinds of currents, which are known by the general name of nontidal currents. 
These latter currents are brought about by causes that are independent of the 
tides, such as winds, fresh-water run-off, and differences in density and tempera- 
ture. Currents of this class do not exhibit the periodicity of tidal currents. 

Tidal and nontidal currents occur together in the open sea and in inshore tidal 
waters, the actual currents experienced at any point being the resultant of the 
two classes of currents. In some places tidal currents predominate and in others 
nontidal currents predominate. Tidal currents generally attain considerable 
velocity in narrow entrances to bays, in constricted parts of rivers, and in pas- 
sages from one body of water to another. Along the coast and farther offshore 
tidal currents are generally of moderate velocity; and in the open sea, calculation 
based on the theory of wave motion, gives a tidal current of less than one-tenth 
of a knot. 
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RECTILINEAR TIDAL CURRENTS 


In the entrance to a bay or river and, in general, where a restricted width 
occurs, the tidal current is of the rectilinear or reversing type; that is, the flood 
‘current runs in one direction for a period of about six hours and the ebb current 
for a like period in the opposite direction. The flood current is the one that 
sets inland or upstream and the ebb current the one that sets seaward or down- 
stream. The change from flood to ebb gives rise to a period of slack water during 
which the velocity of the current is zero. An example of this type of current 
is shown in Figure C, which represents the velocity and direction of the current 
as observed in the Hudson River off Fort Washington on July 22, 1922. 

In Figure C the upper curve represents the velocity of the current in knots, 
flood being plotted above the axis of X and ebb below the axis. The velocity 
curve represents approximately the form of the cosine curve. The maximum 
velocity of the flood current is called the strength of flood and the maximum ebb 
velocity the strength of ebb. The knot is the unit generally used for measuring 
the velocity of tidal currents and represents a velocity of 1 nautical mile per 
hour. Knots may be converted into statute miles per hour by multiplying by 
1.15, or into feet per second by multiplying by 1.69. 

The lower curve of Figure C is the direction curve of the current, the direction 
being given in degrees, north being 0°, east 90°, south 180°, and west 270°. 
The directions are magnetic and represent the direction of the current as derived 
from hourly observations. During the period of flood the direction curve shows 
that the current was running practically in the same direction all the time, 
making an abrupt shift of about 180° to the opposite direction during the period 
of slack water. For the ebb period the direction curve likewise shows the cur- 
rent to have been running in approximately the same direction with an abrupt 
change of about 180° during slack. 


ROTARY TIDAL CURRENTS 


Offshore the tidal currents are generally not of the rectilinear or reversing type. 
Instead of flowing in the same general direction during the entire period of the 
flood and in the opposite direction during the ebb, the tidal currents offshore 
change direction continually. Such currents are therefore called rotary currents. 
An example of this type of current is shown in Figure D, which represents the 
velocity and direction of the current at the beginning of each hour of the after- 
noon on September 24, 1919, at Nantucket Shoals Light Vessel, stationed off 
the coast of Massachusetts. 

The current is seen to have changed its direction at each hourly observation, 
the rotation being in the direction of movement of the hands of a clock, or from 
north to south by way of east, then to north again by way of west. In a period 
of about 12 hours it is seen that the current has veered completely round the 
compass. 

It will be noted that the ends of the radii vectores, representing the velocities 
and directions of the current at the beginning of each hour, define a somewhat 
irregular ellipse. If a number of observations are averaged, eliminating acci- 
dental errors and temporary meteorological disturbances, the regularity of the 
curve is considerably increased. The average period of the cycle is, from a 
considerable number of observations, found to be 125 25™, In other words, the 
current day, like the tidal day, is 245 50™ in length. 

A characteristic feature of the rotary current is the absence of slack water. 
Although the current generally varies from hour to hour, this variation from 
greatest current to least current and back again to greatest current does not 
give rise to a period of slack water. When the velocity of the rotary tidal current 
is least, it is known as the minimum current, and when it is greatest it is known 
as the maximum current. The minimum and maximum velocities of the rotary 
current are thus related to each other in the same way as slack and strength of 
the rectilinear current, a minimum velocity following a maximum velocity by 
an interval of about three hours and being followed in turn by another maximum 
after a further interval of three hours. 


VARIATIONS IN STRENGTH OF CURRENT 


Tidal currents exhibit changes in the strength of the current that correspond 
closely with the changes in range exhibited by tides. The strongest currents 
come with the spring tides of full and new moon and the weakest currents with 
the neap tides of the moon’s first and third quarters. Likewise, perigean tides 
are accompanied by strong currents and apogean tides by weak currents; and when 
the moon has considerable variation, the currents, like the tides, are characterized 
by diurnal inequality. 
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As related to the moon’s changing phases, the variation in the strength of 
the current from day to day is approximately proportional to the corresponding 
change in the range of the tide. The moon’s changing distance likewise brings 
about changes in the velocity of the strength of the current which is approxi- 
mately proportional to the corresponding change in the range of the tide; but in 
regard to the moon’s changing declination, tide and current do not respond alike, 
the diurnal variation in the tide at any place being generally greater than the diur- 
nal variation in the current. feb 
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Fic. D.—Rotary current, Nantucket Shoals Light Vessel, afternoon of September 24, 1919 


The relations subsisting between the changes in the velocity of the current 
at any given place and the range of the tide at that place may be derived from 
general considerations of a theoretical nature. Variations in the current that 
involve semidiurnal components will approximate corresponding changes in the 
range of the tide; but for variations involving diurnal components the variation 
in the current is about half that in the tide. 
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RELATION OF TIME OF CURRENT TO TIME OF TIDE 


In simple wave motion the times of slack and strength of current bear a con- 
stant and simple relation to the times of high and low waters. In a progressive 
wave the time of slack water comes, theoretically, exactly midway between high 
and low water and the time of strength at high and low water; in a stationary 
wave slack comes at the times of high and low water, while the strength of current 
comes midway between high and low water. 

The progressive-wave movement and the stationary-wave movement are the 
two principal types of tidal movements. A progressive wave is one whose crest 
advances, so that in any body of water that sustains this type of tidal movement 
the times of high and low water progress from one end to the other. A stationary 
wave is one that oscillates about an axis, high water occurring over the whole 
area on one side of this axis at the same instant that low water occurs over the 
whole area on the other side of the axis. 

The tidal movements of coastal waters are rarely of simple wave form; never- 
theless, it is very convenient in the study of currents to refer the times of current 
to the times of tide. And where the diurnal inequality in the tide is small, 
as is the case on the Atlantic coast, the relation between the time of current 
and the time of tide is very nearly constant. This is brought out in Figure H, 
which represents the tidal and current curves in New York Harbor for October 
9, 1919, the current curve being the dashed-line curve, representing the velocities 


Fic, E.—Tide and current curves, New York Harbor, October 9, 1919 


of the current at a station in Upper Bay, and the tide curve being the full-line 
curve, representing the rise and fall of the tide at Fort Hamilton, on the eastern 
shore of the Narrows. 

The diagrams of Figure E were drawn by plotting the heights of the tide 
and the velocities of the current to the same time scale and to such velocity 
and height scales as will make the maximum ordinates of the two curves approxi- 
mately equal. The time axis or axis of X represents the line of zero velocity for 
the currents and of mean sea level for the tide, the velocity of the current being 
plotted in accordance with the scale of knots on the left, while the height of the 
tide reckoned from mean sea level was plotted in accordance with the scale in 
feet on the right. 

From Figure E it is seen that the corresponding features of the tide and current 
in New York Harbor bear a very nearly constant time relation to each other, 
and this constancy in time relation of tides and currents is characteristic of tidal 
waters in which the diurnal inequality is small. This permits the times of slack 
and of strength of current to be referred to the times of high and low water. 
Thus, from Figure E we find strength of ebb occurred about 0.6 hour after the 
time of low water, both morning and afternoon; slack before flood occurred 2.2 
hours before high water; strength of flood 0.4 hour after high water; slack before 
ebb 3.0 hours before low water. In this connection, however, it is to be noted 
that the time relations between the various phases of tide and current are subject 
to the disturbing effects of wind and weather. 

Apart from the disturbing effect of nontidal agencies, the time relations 
between tide and current are subject to variation in regions where the tide 
exhibits considerable diurnal inequality, as, for example, on the Pacific coast of 
the United States. This variation is due to the fact, previously mentioned, that 
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the diurnal inequality in the current at any given place is, in general, only about 
half as great as that in the tide. This brings about differences in the corre- 
sponding features of tide and current as between morning and afternoon. How- 
ever, in such cases it is frequently possible to refer the current at a given place 
to the tide at some other place with comparable diurnal inequality. 


EFFECT OF NONTIDAL CURRENT 


The tidal current is subject to the disturbing influence of nontidal currents 
which affect the regularity of its occurrence as regards time, velocity, and diree- 
tion. In the case of the rectilinear current the effect of a steady nontidal current 
is, in general, to make both the periods and the velocities of flood and ebb 
unequal and to change the times of slack water but to leave unchanged the 
times of flood and ebb strengths. This is evident from a consideration of Figure 
I’, which represents a simple rectilinear tidal current, the time axis of which is 
ie line AB, flood velocities being plotted above the line and ebb velocities 
Delow. 

When unaffected by nontidal currents, the periods of flood and ebb are, in 
general, equal as represented in the diagram, and slack water occurs regularly 
three hours and six minutes after the times of flood and ebb strengths. But if 
we assume a steady nontidal current introduced which has, in the direction of 
the tidal current, a velocity component represented by the line CD, it is evident 
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Fic. F.—Effect of nontidal current on tidal current 


that the strength of ebb will be increased by an amount equal to CD, while the 
flood strength will be decreased by the same amount. The current conditions 
may now be completely represented by drawing, as a new axis, the line HF 
parallel to AB and distant from it the length of CD. 

Obviously, if the velocity of the nontidal current exceeds that of the tidal 
current at the time of strength, the tidal current will be completely masked 
and the resultant current will set at all times in the direction of the nontidal 
current. Thus, if in Figure F the line OP represents the velocity component 
of the nontidal current in the direction of the tidal current, the new axis for 
measuring the velocity of the combined current at any time will be the line GO 
and the current will be flowing at all times in the ebb direction. There will be 
no slack waters; but at periods 6 hours 12 minutes apart there will occur mini- 
mum and maximum velocities represented, respectively, by the lines RS and TU. 

In so far as the effect of the nontidal current on the direction of the tidal cur- 
rent is concerned, it is only necessary to remark that the resultant current will 
set in a direction which at any time is the resultant of the tidal and nontidal 
currents at that time. This resultant direction and also the resultant velocity 
may be determined either graphically by the parallelogram of velocities or by 
the usual trigonometric computations. 


VELOCITY OF TIDAL CURRENTS AND PROGRESSION OF THE TIDE 


In the tidal movement of the water it is necessary to distinguish clearly 
between the velocity of the current and the progression or rate of advance of 
the tide. In the former case reference is made to the actual speed of a moving 
particle, while in the latter case the reference is to the rate of advance of the 
tide phase or the velocity of propagation of wave motion, which generally is 
many times greater than the velocity of the current. 
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It is to be noted that there is no necessary relationship between the velocity 
of the tidal current at any place and the rate of advance of the tide at that place. 
In other words, if the rate of advance of the tide is known we can not from 
that alone infer the velocity of the current, nor vice versa. The rate of advance 
of the tide in any given body of water depends on the type of tidal movement. 
In a progressive wave the tide moves approximately in accordance with the 
formula r=ygd in which r is the rate of advance of the tide, g the acceleration 
of gravity, and d the depth of the waterway. In stationary-wave movement, 
since high or low water occurs at very nearly the same time over a considerable 
area, the rate of advance is theoretically very great; but actually there is always 
some progression present, and this reduces the theoretical velocity considerably: 

The velocity of the current, or the actual speed with which the particles of 
water are moving past, any fixed point, depends on the volume of water. that 
must pass the given point and the cross-section of the channel at that point. 
The velocity of the current is thus independent of the rate of advance of the 


tide. 
DISTANCE TRAVELED BY A PARTICLE IN A TIDAL CYCLE 


In a rectillinear current the distance traveled by the water particles or by 
any object floating in the water is obviously equal to the product of the time 
by the average velocity during this interval of time. To determine the average 
velocity of the tidal current for any desired interval several methods may be 
used. 

If the curve of the tidal current has been plotted, the average velocity may 
be derived as the mean of a number of measurements of the velocity made at 
frequent intervals on the curve; as, for example, every 10 or 15 minutes. From 
the current curve the average velocity may also be determined by deriving the 
mean ordinate of the curve by use of the planimeter. For a full tidal cycle of 
flood or ebb, however, since the current curve generally approximates the cosine 
curve, the simplest method consists in making use of the well-known ratio of 
the mean ordinate of the cosine curve to the maximum ordinate which is 2-7, 
or 0.6366. 

The latter method has another advantage in that the velocity of the tidal 
current is almost invariably specified by its velocity at the time of strength, 
which corresponds to the maximum ordinate of the cosine curve; hence, the 
average velocity of the tidal current for a flood or ebb cycle is given imme- 
diately as the product of the strength of the current by 0.63866. And though 
this method is only approximate, since the curve of the current may deviate 
more or less from the cosine curve, in general the results will be sufficiently 
accurate forall practical purposes. For a normal flood or ebb period of 6.2 
hours the distance a tidal current with a velocity at strength of 1 knot will 
carry a floating object is, in nautical miles, 0.6366 X 6.2=3.95, or 24,000 feet. 


DURATION OF SLACK 


In the change of direction of flow from flood to ebb, and vice versa, the tidal 
current goes through a period of slack water or zero velocity. Obviously, this 
period of slack is but momentary, and graphically it is represented by the 
instant when the current curve cuts the zero line of velocities. For a brief 
period each side of slack water, however, the current is very weak, and in 
ordinary usage ‘‘slack water’’ denotes not only the instant of zero velocity 
but also the period of weak current. The question is therefore frequently 
raised, How long does slack water last? 

To give slack water in its ordinary usage a definite meaning, we may define 
it to be the period during which the velocity of the current is less. than one- 
tenth of a knot. Velocities less than one-tenth of a knot may generally be dis- 
regarded for practical purposes, and such velocities are, moreover, difficult to 
measure either with float or with current meter. For any given current it is 
now a simple matter to determine the duration of slack water, the current curve 
furnishing a ready means for this determination. 

In general, regarding the current curve as approximately a sine or cosine 
curve, the duration of slack water is a function of the strength of current—the 
stronger the current the less the duration of slack—and from the equation of the 
sine curve we may easily compute the duration of slack water for currents of 
various strengths. For the normal flood or ebb cycle of 6" 12.6™ we may write 
the equation of the current curve y=A sin 0.4831¢, in which A is the velocity of 
the current in knots at time of strength, 0.4831 the angular velocity in degrees 
per minute, and ¢ is the time in minutes from the instant of zero velocity. 
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Setting y=0.1 and solving for ¢ (this value of ¢ giving half the duration of 
slack), we get for the duration of slack the following values: For a current 
with a strength of 1 knot, slack water is 24 minutes; for currents of 2 knots 
strength, 12 minutes; 3 knots, 8 minutes; 4 knots, 6 minutes; 5 knots, 5 minutes; 
6 knots, 4 minutes; 8 knots, 3 minutes; 10 knots, 214 minutes. 


HARMONIC CONSTANTS 


The tidal current, like the tide, may be regarded as the resultant of a number 
of simple harmonic movements, each of the form y=A cos (at-+-a): hence, tidal 
currents may be analyzed in a manner analagous to that used in tides and the 
harmonic current constants derived. These constants permit the characteristics 
of the currents to be determined in the same manner as the tidal harmonic con- 
stants and they may also be used in the prediction of the times of slack and the 
times and velocities of the strength of current. 

It can easily be shown that in coastal or inland tidal waters the amplitudes of 
the various current components are related to each other, not as the amplitudes 
of the corresponding tidal components, but as these latter multiplied by their 
respective speeds; that is, in any given harbor, if we denote the various compo- 
nents of thé current by primes and of the tide by double primes, we have 
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where the small italic letters represent, respectively, the angular speed of the 
corresponding components. This shows at once that the diurnal inequality in 
the currents should be approximately half that in the tide. 


MEAN VALUES 


In the nonharmonie analysis of current observations it is customary to refer 
the times of slack and strength of current to the times of high and low water of 
the tide at some suitable place, generally near by. In this method of analysis 
the time of current determined is in effect reduced to approximate mean value, 
since the changes in the tidal current from day to day may be taken to approxi- 
mate the corresponding changes in the tide; but the velocity of the current as 
determined from a short series of observations must be reduced to a mean value. 

In the ordinary tidal movement of the progressive or stationary wave types 
the change in the strength of the current from day to day may be taken approxi- 
mately the same as the variation in the range of the tide. Hence, the velocity 
of the current from a short series of observations may be corrected to a mean 
value by multiplying by a factor equal to the mean range of the tide divided by 
the range for the period of observations. It is to be noted that in this method of 
reducing to a mean value any nontidal currents must first be eliminated and the 

‘factor applied to the tidal current alone. This may be done by taking the strength 
of the tidal current as the half sum of the flood and ebb strengths for the period 
in question. 

In some places the current, while exhibiting the characteristic features of the 
tidal current, is in reality a hydraulic current due to differences in head at the 
ends of a strait connecting two independent tidal bodies of water. East River 
and Harlem River in New York Harbor and Seymour Narrows in British Colum- 
bia are examples of such straits, and the currents sweeping through these 
waterways are not tidal currents in the true sense, but hydraulic currents. 
The velocities of such currents vary as the square root of the head, and hence 
in reducing the velocities of such currents to a mean value the factor to be 
used is*the square root of the factor used for ordinary tidal currents. 
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PUBLICATIONS BY THE UNITED STATES COAST AND 
GEODETIC SURVEY RELATING TO TIDES AND CUR- 
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TIDE AND CURRENT TABLES 


made Tables, United States and Foreign Ports. _-.-------------------- 
Tide Tables, Atlantic Coast, North America (reprinted from Tide Tables, 

Wnitedsststes and: loreion Ports) 222 ss2 2 82 feel Slave ee 
Tide Tables, Pacific Coast, North America, Eastern Asia and Island 

Group (reprinted from Tide Tables, United States and Foreign Ports) - - 
mic weeenew, ork Harbor. . 4 2f25%. 22501 b ete e ell lee 
Current Tables, Atlantic Coast, North America. ___.-.~_----_.-------- 
Current Tables, Pacific Coast, North America and Philippine Islands-__-- 
Current Diagram, Nantucket and Vineyard Sounds- ------------------ 
eameetnapram, Chesapeake Bay_22)5'2. .--- L282. 2-2 3222-1 s--s--e 


The tide tables contain the predicted times and heights of the tide for 
each day in the year at a number of principal ports and tidal differences 
and constants for many other places. The current tables give the pre- 
dicted currents for each day in the year at a number of principal ports 
and current differences and constants for many other stations. The 
current diagrams are reproductions on an enlarged scale of similar dia- 
grams contained in the current tables. 

The tide and current tables are issued in advance annually and may 
be purchased at the office of the United States Coast and Geodetic Survey 
or from any of its agencies. 


TIDAL BENCH MARKS 


Special Publication No. 83 (Serial 193), Tidal Bench Marks, State of 
EE GPE RRR IR Se OPAL le epee pep em nee ae epee 
Special Publication No. 119 (Serial 320), Tidal Bench Marks, District of 
PORATION) yo Re mets oS aE De eee ENS! LAN oh a ot 
Special Publication No. 128 (Serial 370), Tidal Bench Marks, State of 
SREP MPR eSEUU Clem) 2 (et en et a ets ee ged ey tees he ee NE eth a i 
Special Publication No. 136. Tidal Bench Marks, State of Connecticut, 
Ral ISR a Na ie ops 2 spent ae py eee ae 
Special Publication No. 141. Tidal Bench Marks, State of California, 
EE Ya 20g Ne ee eet SA Me Sie ees aoe ae 


HARBOR PUBLICATIONS 


Special Publication No. 111 (Serial 285), Tides and Currents in New 
PEST OT gil OD) oo ee Spee se en Le Spt ee eee 
Special Publication No. 115 (Serial 311), Tides and Currents in San 
LPiep neta TB Pay ye (UNG PAG cee ge cee oe eee gg eal hp ey eee 
Special Publication No. 123 (Serial 336), Tides and Currents in Delaware 
LESE Se ag 8) DRS eTe ol MOT Ch ae a a a ie Se ager re ee ee 
Special Publication No. 127 (Serial 364), Tides and Currents in Southeast 
Oa Tyee TMG es oe gas ASR ee ny Oe Se LS Aa Be oe ee ee 
Special Publication No. 142. Tides and Currents in Boston Harbor, 
Special Publication No. — Tides and Currents in Portsmouth Harbor (in 
preparation). 
The above harbor publications aim to give in detail the results of all the 
observational data available for each harbor covered. 


MISCELLANEOUS PUBLICATIONS 


The Gulf Stream, by J. E. Pillsbury. Published as appendix to the Annual 
Report of the United States Coast and Geodetic Survey for the year 1890. 
This report is no longer available for distribution but may be consulted 
in any of the larger libraries. 

Manual of Tides, by R. A. Harris. This publication was issued in separate 
parts as appendices to the Annual Reports of the United States Coast 
and Geodetic Survey for the years 1894, 1897, 1900, 1904, and 1907. 
These reports are no longer available for distribution but may be con- 
sulted in any of the larger libraries. 
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Special Publication No. 23, Wniked States Coast and Geodetic Survey. 
Description of its work, methods, and organization. Includes illus- 
trated sections on tides and currents. This publication can be obtained 
zee of charge from the office of the United States Coast and Geodetic 

urvey. 

Special Publication No. 32 (Serial 16), Description of the United States 
Coast and Geodetic Survey Tide- Predicting Machine No. 2, 1915-___ 

Special Publication No. 41 (Serial 60), Use of Mean Sea Level as the 
Datum, for,Elevations, 191% 23:0. 4 oe eee be 

Special Publication No. 98 (Serial 244), A Manual of the Harmonic 
Analysis and Prediction of Tides}. 192404 0.222 42.25 ee 

Serial 280, Tidal and Current Surveys, Methods, Instruments, and Pur- 
poses, 1924. This is a small pamphlet which may be obtained free of 
charge from the office of the United States Coast and Geodetic Survey. 

Special Publication No. 113 (Serial 300), Portable Automatic Tide Gauge, 
DO Q5 Ee Gere 2 me! Ue Se DE ERS CT Dar ese on) a 

Special Publication No. 121 (Serial 330), Coastal Currents Along the 
Pacific Coast of the United States, 199622. 0. i 

Special Publication No. 124 (Serial 346), Instructions for Tidal Current 
Surveys, 19260 54.00 2904) ee USE Sea SPS Pen oe 

Serial 351, Tide and Current Investigations of the Coast and Geodetic 
Survey, "1926... 2) ye ei ite Ola er 

Special Publication No. 135, Tidal Datum Planes, 19272220 ee 

Special Publication No. 139, Instructions for Tide Observations, 1928_ 


Price 


Except as otherwise noted, all the above publications are for sale 
by the Superintendent of Documents, Government Printing Office, 


Washington, D. C., to whom remittance should be sent. 
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